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Abstract 
Alluvium is an important archaeological and palaeoenvironmental resource in lowland Britain. 
The research presented here develops plant macrofossil analysis of alluvial facies, with special 
emphasis on the depositional and natural environments of the Lower Thames Basin. Plant 
macrofossil analysis is a poorly developed area of alluvial research, usually limited to 
superficial description of the fossils seen in section, or detailed analysis of a narrow suite of 
remains. A comprehensive, quantitative method of macrofossil analysis using counts and cover 
abundance scores is developed. Identification criteria for several groups of macrofossils are 
presented, including leaves, rootlets and epidermis. 
Potential macrofossil incorporation was investigated at eight wetland and alluvial sites, 
including saltmarsh, wet woodland and herb fen environments. Macrofossil collections were 
compared to extant vegetation and subject to multivariate analysis. The results showed that 
macrofossil assemblages produce spatially and temporally precise data of plant presences, 
although spatial and temporal fidelity varies in different depositional environments and between 
plant taxa. Vegetation dominants were favoured in the assemblages of all classes of 
macrofossils, with bulky Monocotyledons and Therophytes favourably preserved and sparsely 
distributed taxa, such as rosette plants, less well favoured. The depositional environment and 
position in relation to environmental gradients were also found to affect macrofossil 
composition. Multiple approaches to macrofossil analysis using a wide range of macrofossils 
were found to produce improved interpretations. The value of different macrofossil classes and 
occurrences of the major observed taxa in alluvial sediments are discussed. 
The method was applied to samples from the Medway River at Chatham. Vegetation 
history, hydrology and traces of human disturbance are discussed from 7000BP to 2000BP. 
Analysis showed a gradual increase in human disturbance over time, development of a 
distinctive human-influenced upper salt marsh flora from 3000BP and supports the trend across 
southern Britain for a change in hydrology by the same period. 
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1 Introduction 
Alluvium has been deposited in many rivers and estuaries in the Lower Thames Basin 
(referred to from here as the `Lower Thames') during the Holocene. As river valleys and 
estuaries are the only spatially extensive sedimentary basins in southeast England in 
which long sedimentary sequences have been deposited, alluvium is a particularly 
important source of data for regional archaeological and palaeoenvironmental studies. 
Alluvium has provided data for the study of Holocene environmental patterns and 
processes at micro-, macro- and mega-spatial scales in the region (sensit Delcourt et al. 
1983), including terrestrial ecological change (Scaife and Burrin 1987; Greig 1992a, 
1992b; Thomas 1996), Holocene river hydrology (Burrin and Scaife 1984) and relative 
sea-level change (Devoy 1979). Archaeological research over 150 years has 
demonstrated that alluvial environments were the site of direct human activity 
throughout the Holocene, with finds including settlements, boats, artefacts, trackways 
and platforms (see review of Bates and Barham 1995). They also preserve important 
traces of life in adjacent terrestrial locations that for millennia have been important 
centres of population, industry and trade. High sediment accumulation rates and 
maintained anaerobic conditions have led to the preservation of organic archaeological 
materials that would otherwise perish. 
Interpretation of human activity and reconstruction of patterns of environmental 
change in and adjacent to alluvial environments has best been achieved through the 
systematic integration of palaeoenvironmental and archaeological data. This approach 
has a long history (e. g. Bulleid and Gray 1911,1917; Reid 1917, Clifford 1936, 
Swinnerton 1931, Godwin 1960) and has been an explicit part of several recent research 
programmes in wholly or partially alluviated areas (Coles 1987; Van de Noort and 
Davies 1993; Cowell and Inns 1994; Wilkinson and Murphy 1995). Such systematic 
programmes have been largely absent from the Lower Thames, with the exception of the 
Blackwater Estuary Project, and most studies have been associated with individual 
rescue archaeology works, the reports from which are dispersed in unpublished archives 
or obscure local publications. 
Although alluvium is a regionally important source of information, its use as a 
basis for reconstructions of environments in time and space is complicated by its mode of 
deposition. Channel, channel bank, overbank and marsh environments are differentially 
affected by tides, floods and autogenic processes and may derive fossil and sediment 
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inputs from both allochthonous and autochthonous sources. Deposition is also often 
discontinuous and may vary in rate and direction, with sediments subjected to episodes 
of erosion. Sediments may, therefore, contain widely varying concentrations of fossils 
differing with spatial and temporal fidelities (sensor Kidwell and Flessa 1995) and 
sequences may be incomplete, with important transitional sections missing. This has 
partially led to the restricted use of alluvial fossil assemblages for palaeoenvironmental 
investigations, especially those from clastic sediments. A further problem is that alluvial 
environments are spatially heterogenous with many sub-environments that have differing 
sedimentological and fossil characteristics existing at the same point in time. Changes in 
sediments and fossils may simply reflect local changes and the linkage of fades changes 
to larger environmental variables is often difficult to prove. 
Among the fossil groups preserved in alluvium are plant macrofossils. This group 
includes all plant structures visible to the naked eye, such as seeds, wood, roots, 
rhizomes, stem and leaf fragments (Dickson 1970; Birks and Birks 1980). Macrofossil 
preservation in alluvium is often excellent owing to the anaerobic environment of many 
sediments. However, analysis of plant macrofossil assemblages is one of the more 
neglected areas of alluvial research. Descriptions are often limited to the partial 
identification of fibres, stems and leaves visible in superficial examination of strata (e. g. 
Waller 1994) or the recording of gross macrofossil groups in stratigraphie descriptions 
such as those based on the Troels-Smith system (Aaby and Berglund 1986). These 
records primarily contribute to the identification of depositional environments and, in 
some cases, the type of vegetation extant during sediment accumulation. Mostly, only 
loose structural vegetation groups are referred to (e. g. carr, reedbeds, sedge beds) which 
may be of limited use for investigating detailed ecological variables and environmental 
parameters. As in most areas of palaeoenvironmentäl study, macrofossil analysis has 
become an adjunct to palynology when detailed vegetation reconstructions are required. 
When used, completed macrofossil analyses are usually restricted to the identification 
and quantification of a limited range of macrofossils, usually only seeds and fruits. Many 
classes of remains are not included in analysis or are subject to only cursory examination 
and rarely if ever subject to quantification and quantitative analysis. 
Macrofossils have the potential to make a greater contribution to the 
investigation of alluvial facies than has previously been the case by allowing greater 
differentiation of otherwise indistinguishable depositional environments and acting as a 
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source for spatially precise vegetation information, useful for detailed palaeoecological 
investigations and contextualising archaeological finds. This potential is due to the 
heterogeneity of macrofossil assemblages, the limited dispersability of many plant parts in 
sedimentary environments and the potentially high level of taxonomic identification. 
Macrofossils in general are deposited close to the site of plant growth (Collinson 
1983; Field 1992) and therefore provide spatially precise information about former 
vegetation. Such information is important if detailed palaeoecological data are to be 
gained and if the physical context of archaeological sites is to be understood, a vital 
element in any interpretation. Alluvial ecosystems have been modified or destroyed by 
human activity in the last five centuries and palaeoecological information may be the only 
way to investigate many elements of `natural' alluvial ecosystems. Macrofossil analysis 
also provides the potential for much more detailed identifications of ecosystem elements 
as many macrofossils can be identified to genus and species level, unlike many pollen 
types. 
Identification of vegetation types at a sample point and identification of local 
vegetation responses is important in determining local and more widespread changes in 
environmental conditions. Macrofossil assemblage analysis also has the potential to 
contribute to the identification of the depositional environment. Macrofossil assemblages 
consist of groups of plant structures (e. g. roots, stems, leaves) and tissues (e. g. cuticles, 
wood) as well as taxa and, therefore, may be described in structural as well as taxonomic 
terms. These properties are potentially useful in differentiating depositional environments 
when differentiation through other means may be impossible, a common problem in 
alluvial sequences in the Lower Thames. 
Although a potentially useful source of information, detailed macrofossil analysis 
suffers from several problems that limit its application in alluvial investigations. Many 
come from the general lack of research in macrofossil analysis in Holocene studies and 
the complexity of macrofossil assemblages as a dataset. Macrofossil assemblages are 
highly heterogeneous, consisting of many different plant parts. Although some groups of 
macrofossils, including seeds and fruits and mosses, have been subject to detailed, if 
intermittent, identification work, many classes of remains have few published 
identification manuals. Similarly, recording and quantification have been little developed 
and taphonomic information about macrofossil assemblage formation processes in 
comparable environments is lacking, making interpretation difficult. An additional 
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problem in macrofossil analysis of, alluvium is access for sampling. Extensive exposures 
of sediments are rare in many areas of southeast England and it is still unclear whether 
coring and monolith sampling is adequate for macrofossil collection and the sample sizes 
that are adequate for different levels of macrofossil-based information. 
The objective of the research presented in this thesis is to develop, test and 
evaluate analytical approaches to plant macrofossils from alluvial facies, specifically 
targeted at the southeast region of England. It aims to: 
I. Develop recording and identification techniques for analysis of macrofossil 
assemblages, establishing identification criteria where they are lacking; 
II. Investigate plant macrofossil assemblage formation processes through actualistic 
research (sensu Kidwell 1986) in modern alluvial environments to determine: 
A. the potential of different alluvial depositional sub-environments to 
incorporate plant macrofossils; 
B. the quantitative and qualitative properties of macrofossil assemblages 
preserved in alluvial depositional sub-environments; 
C. the spatial and temporal resolution of information about vegetation 
structure and floristics provided by different classes of macrofossils and 
whole macrofossil assemblages preserved in different alluvial depositional 
sub-environments; 
D. the effects of sample size on the information attainable through 
macrofossil analysis in different alluvial depositional sub-environments. 
III. Evaluate the approach developed through application of an integrated analysis to 
macrofossil assemblages recovered from a Holocene alluvial sequence in which 
palaeoenvironmental and archaeological material is preserved. 
The following chapters provide background information to the research, details of the 
methods, sites used and results obtained, and also evaluates these results. Chapter 2 
considers the value of alluvium as a resource for archaeology and palaeoecology in the 
Lower Thames and includes a brief consideration of rivers and estuaries as sedimentary 
and biological systems. A review of plant macrofossil analysis is also presented, 
concentrating especially on the applications of plant macrofossil research in alluvial 
depositional environments and plant macrofossil taphonomy in those environments. 
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Chapter 3 presents the methods used to generate macrofossil data. It includes a 
classification of macrofossils, criteria for the identification of previously difficult 
macrofossil groups and a discussion of the method of macrofossil quantification used in 
the subsequent chapters. Much of the work in this chapter aims to develop a usable 
analytical method and the broad range of subjects covered by it means that some had to 
be treated in a cursory manner. 
Chapter 4 details observations of macrofossil accumulation and representation in 
a range of modern depositional environments including tidal mudflats, saltmarshes and 
freshwater swamps, reedbeds, herb fens and wet woodlands. Data collected from these 
observations have provided a basis for discussing macrofossil taphonomy and evaluating 
the spatial and temporal resolution of information derived from macrofossil assemblages 
in different depositional environments. The focus was mainly on non-seed macrofossil 
assemblages, although seed concentrations and profiles were investigated for most of the 
sites. The observations are also used to determine the suitability of different macrofossil 
categories and groups of macrofossils to investigate ecological and environmental 
parameters such as salinity gradients, vegetation structure and vegetation floristics. 
Chapter 5 presents the analysis of a group of plant macrofossil assemblages from 
sediments sampled during the construction of the Medway Tunnel in Chatham, Kent. 
Sediment accumulation was initiated at ca 7000 BP at the site and subsequent alluviation 
preserved Mesolithic, Neolithic, Bronze Age, Iron Age and Romano-British 
archaeological features and artefacts within a complex series of alluvial facies. Plant 
macrofossil analysis aimed to contribute to the definition of depositional environments, 
reconstruction of local and regional palaeoenvironments and act as a basis for evaluating 
the efficacy of the developed macrofossil methodology. 
Chapter 6 discusses and evaluates the research. Deficiencies and strengths of the 
work are discussed and the potential contribution of plant macrofossil analysis to alluvial 
archaeology and palaeoenvironmental investigations in the region and elsewhere is also 
evaluated. Chapter 7 provides conclusions of the work. The text has four appendices 
containing the identification criteria of reference specimens and supporting photographic 
plates. 
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2 Plant macrofossil analysis in archaeological and palacoenviron mental 
investigations of Holocene alluvium, with special reference to the Lower Thames 
Basin 
2.1 Nature and distribution of Holocene alluvium 
Alluvium is sediment deposited along river courses in fluvial, estuarine and terrestrial 
environments (Bates and Barham 1995). Thick deposits accumulated during the 
Holocene in the rivers of the Lower Thames Basin grading into coastal sediments. The 
River Thames is the major river of the region which, with its tributaries, drains the 
Thames Basin, sections of the surrounding Downs and the north Weald (Figure 4.1). To 
the north of the Thames lie the southern Essex rivers of the Colne, Crouch and 
Blackwater and to the southeast the River Medway, the main northern conduit of water 
from the Kentish Weald. 
In this text the definition is used to denote all of the sediments that may be 
deposited in the diverse environments of river-estuarine systems. The following 
discussion also refers to sites that would usually be considered as `coastal' as opposed to 
riverine in genesis. This reflects the blurred boundaries between sedimentation processes 
and outcomes in these environments. It also reflects the complexity of Holocene alluvial 
sediment sequences that contain riverine, estuarine and coastal sediments and, therefore, 
the wide range of methods that their analysis requires. Many of the sites can be 
considered within alluvial archaeology and inter-tidal archaeology. The following has 
been derived from numerous sources, but draws heavily on Reading (1978), Dyer 
(1979), Reineck and Singh (1980), Lewin (1981), Richards (1982), Pethick (1984), 
Collinson (1986), and Allen (2000). 
Holocene sediments have been grouped together on the Thames as the Tilbury 
Formation (Bridgland 1995), but this grouping belies an inherent complexity. The 
Tilbury Formation includes a great variety of sediments dominated by inter-tidal muds 
and organic rich muds and peats, forming a characteristic alternating pattern of peat 
bands and inorganic units in several rivers. The number and thickness of peat beds varies 
with location, up to five being identified at Tilbury (Devoy 1979,1982). Holocene 
sediments fill the inherited Pleistocene landscape to a height of approximately 5m 
ordnance datum (OD) reaching depths, depending on the underlying topography, of 
between -5m OD in central London (Devoy 1979) and approximately -15m OD in the 
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north Kent Marshes and Medway floodplains (Skempton 1995; Bates et al. 1995). The 
areal extent of alluviated areas is considerable in the region, forming a broad band along 
the Thames of up to 4.5km wide. 
2.2 Rivers and estuaries as sedimentary basins 
Rivers are the major agents of terrestrial erosion and transportation, carrying water and 
sediment from the land to the sea. They form a continuum with estuaries in which 
freshwater discharge mixes with saline water flowing into a river mouth due to tidal 
action. Rivers and estuaries are connected but the environments of each are dominated 
by different hydrological and sedimentation processes. They also contain a range of 
depositional and erosional environments in which different landforms are generated, 
inhabited by a diverse biota and represented in the stratigraphic record by a wide range 
of sedimentary facies. 
2.2.1 Hydrological factors 
Rivers form as the result of the flow of excess water into channels that conduct water to 
the sea and entrain, transport and deposit sediment. The main upstream controls on 
water supply, sediment supply and catchment are the basin physiography, climate, 
geology, vegetation, soils and land-use. Base-level, the level to which water flows as the 
result of gravity, sets the downstream control and is set locally by the presence of 
erosion-resistant rocks and ultimately by the sea at the river-mouth (Leopold et at 
1964). 
The initial quantity of water available to a river is a balance between precipitation 
and evapotranspiration (determined by climate) and the capacity of soils and rocks to 
absorb the water (Richards 1982) enhanced by the presence of vegetation. Water enters 
into rivers as the result of 
a) Infiltration excess overland flow, when precipitation exceeds the soil's capacity to 
absorb it; 
b) Saturation overland flow caused by the emergence of groundwater at the surface; 
c) Subsurface (base) flow when water flows through the soil and rocks. 
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Discharge, the quantity of water passing a given point in a river channel, varies 
over the year, usually in a regular cycle. Porous base rocks, such as chalk in the Lower 
Thames, can absorb rainfall and release it slowly, decreasing peak discharge (Ward 
1981). Water velocity is a function of discharge, basin-slope, gravity and the composition 
of the riverbank, an important factor in determining the resistance of the riverbanks to 
erosion and channel transformation. Floodplain water levels are affected by the 
periodicity of flooding, groundwater levels, precipitation and permeability of the 
substrate, perched water tables forming where clay-silt substrates impede groundwater 
drainage (Brown 1997). 
Estuarine hydrology is dominated by the diurnal tidal cycle. Rising tides cause 
water to be forced up river valleys, the distance being determined by tidal range, basin 
shape and river discharge. Estuaries in southeast England are macro-tidal, having a tidal 
range of 4m, and tidal incursion dominates river discharge. Maximum velocities are 
reached at mid-tide, minimum velocities being reached at high and low tide. Tides 
influence landforms through direct inundation and the ponding of river discharge behind 
the tidal wave. Wind waves are relatively unimportant except in storms, when, like 
secondary currents caused by mixing of fresh and saline water, they can introduce marine 
sediments to the system. 
2.2.2 Sedimentation 
Sediment enters rivers as a result of erosion of rocks in the catchment, the introduction 
of windblown silt or erosion of the riverbank itself (Lewin 1981). The quantity of 
sediment entering the river, sediment yield, is determined by precipitation, soil resistance, 
basin topography and plant cover. The size and type of particles entering the system is 
limited by those available in the catchment, those in the Lower Thames being dominated 
by clays and silts carried in suspension. Minerogenic sediment enters estuaries from river 
discharge and marine sources carried by the tide, especially secondary currents. Most 
estuarine sediments are thought to come from river discharge, especially in the higher 
reaches. Plant matter is introduced by plant growth at the site and from detrital inputs 
from river discharge, tides and wind. 
The size of sediment particles carried in a water column (competence) and the 
total quantity of sediment carried by a river (capacity) are dependent on water flow 
velocity (Brown 1997). Entrainment of a particle in the water column requires the 
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attainment of a threshold velocity and sediment transport requires these to be maintained. 
Higher flow velocities entrain and transport larger particles, those of between 0.25mm 
and lmm being the most easily entrained. 
Sediment load is divided into: 
a) Dissolved load of particles in solution; 
b) Suspended or wash load consisting of small particles carried in suspension; 
c) Bed load of large particles that roll along the riverbed. 
Suspended load is limited by the quantity of sediment supplied by the catchment 
and bed-load is dependent on the capacity of the river (Brown 1997). Deposition occurs 
when threshold velocities required to keep a particle in suspension are no longer met. 
The speed at which particles settle out of suspension is determined by the surface-area to 
volume ratio. Clay and silt size particles have high values and move slowly through the 
water column. These particle sizes require slack water for deposition, although settling 
times and sedimentation rates for clay particles can be increased in saline water if they 
form aggregates (flocs). Floc formation is vital for estuarine sedimentation as without it 
most fine-grained sediment would stay in suspension. Vegetation, especially on 
saltmarshes and floodplains, increases sedimentation rates by slowing water velocity, 
acting as sites for sediment deposition (Brown 1997; Brown and Brookes 1997) and by 
causing currents to form that can trap sediments and enhance deposition. 
Re-working of sediments commonly occurs in river channels, floodplains and 
estuarine marshes. A particle may be stored several times on its journey through alluvial 
system. Estimates of particle mean residence time are 48 years for channel environments 
and 4000 years for floodplains (Brown 1997). 
2.2.3 Morphology 
Rivers and estuaries both contain channels, through which water is conducted, and low 
lying areas surrounding the channel where sediment may be deposited, in rivers the 
floodplain and in estuaries mudflats and saltmarshes. Although estuarine and riverine 
systems are superficially similar, channel morphology and landforms are controlled by 
different processes. 
River channel form, confined by basin shape, adjusts to discharge and sediment 
loads supplied by the catchment. It is also influenced by bank stability, dependent on the 
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bank composition and vegetation (Brown et al. 1995). Channel depth, width and 
bedforms respond to changes in catchment conditions to provide a stable conduit 
through which sediment and water are transported. 
Floodplains form along the banks of aggrading rivers and are major sites of 
sediment deposition. Sediment is mainly derived from regular flooding, but also 
colluviation, wind and as a result of the accumulation of organic matter in basins. 
Sediment accumulation rates vary widely within individual floodplains and are 
determined at any one point by the distance from the channel, microtopography, water 
depth, vegetation and flow capacity (Brown and Brookes 1997). Sedimentation rates are 
highest in the still waters of abandoned channels and backswamps. 
Several systems of river classification have been devised on the basis of channel 
form, floodplain form and sedimentation processes. High energy braided rivers (high- 
energy with unstable banks) are the typical form found in upland areas of Britain. 
Anastomosing rivers (multiple channels with stable banks) although rare today (Brown 
1995) may have been the dominant form in some European rivers during the Holocene 
(Brown and Keough 1992). Meandering rivers are the main form in lowland Britain and 
are characterised by low energy water flow, silty cohesive banks stabilised by vegetation 
(Smith 1976) and often the presence of extensive floodplains. Waterflow is confined to a 
single channel, sediment being scoured from the concave bank and deposited in point 
bars and shoals. Channel movement is usually confined to a narrow belt of the floodplain 
(contra Leopold and Wolman 1964). 
Estuaries bridge the transition between riverine and tidal sedimentation and 
consist of a channel, through which river discharge and tides are conducted, flanked by 
creek-dissected mudflats that may develop saltmarshes (for a review of saltmarsh 
morphology see Allen 2000). Estuary shape is determined by the inherited basin shape, 
tidal characteristics, sediment loading and river discharge. Mudflats develop above the 
mid-tide point, at which tidal velocity slows and sediment is deposited as critical settling 
thresholds are passed. Sediment accumulation rates are highest where tidal standstill is 
longest, usually in the middle zone of the mudflat, forming a characteristic profile. 
Particle size tends to decrease landwards and sand can accumulate from suspension at 
the break in slope at the channel margin, where tidal energy is first dissipated. 
Saltmarshes are vegetated areas developed on the higher reaches of mudflats. 
They are less regularly flooded than mudflats, often only at spring tides, although some 
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lower reaches are still within the daily tidal reach. Vegetation growth encourages 
sediment deposition leading to increased isolation from tidal deposition. Creeks dissect 
the saltmarsh and mudflats and act as conduits for tidal water, having a similar form to 
river and estuary channels. Marsh building is dependant on the balance of sediment 
supply, erosion and autocompaction and its limits are determined by tide heights (Allen 
2000). 
2.2.4 Riverine and estuarine plant ecology 
2.2.4.1 Environmental influences 
Hydrology is the most significant ecological influence on riverine and estuarine ecology, 
especially tide and flood depth, water-table height, drainage, flow depth and velocity as 
well as water chemistry, especially salinity, pH, nutrient status and quantity of dissolved 
minerals (Chapman 1974,1977; Adam 1990). The floodplains and rivers of the Lower 
Thames are mainly eutrophic to mesotrophic systems with alkaline waters. Soil structure 
and aeration is also important for plant root growth and is more developed in less 
regularly flooded environments. Distribution of organisms is also dependent on species 
dispersal and competitive strategies. In some cases ecology may be dominated by plant 
species first able to colonise a particular wetland or soil, affecting subsequent vegetation 
structure, floristics and possibilities for vegetation change (Walker 1970). Plant 
distribution and reproductive success is also influenced by the distribution of herbivores 
and detritovores. 
2.2.4.2 Rivers 
Relatively few plants can persist in medium to fast flowing water (e. g. Glyceriafluitans) 
and aquatic vegetation in river channels is usually restricted to areas of slow moving 
water at the channel margins. In deep-water, floating and submerged vegetation are 
mixed with emergent deep-water taxa. In shallower water other emergent taxa are found 
(e. g. Alisma plantago-aquatica; Sparganium spp. ) and more complex groups of species 
dominate the water margin. Stable banks and levees may have a dense covering of herbs 
and tree species such as alder (Alms glutinosa). 
Floodplains support a complex mosaic of vegetation associations. Extensive 
swamps, wet-woodlands (carr/fen-carr) and open herb fens can develop where 
groundwater levels are high. Deep backswamps and oxbow lakes may support aquatic 
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vegetation. Herbaceous vegetation is dominated by bulky monocotyledons (e. g. 
Phragmites australis) usually forming dense mono- or oligo-specific stands with a sparse 
understorey of other species, important for defining NVC groups. 
Wet-woodlands develop in wetter and drier areas of floodplains where standing 
water is only present seasonally as high-water levels prevents seedling establishment 
(Grime et al. 1988), although trees may colonise sedge hummocks in swamps (Walker 
1970). Vegetation structure is complex with canopy, understorey, groundstorey, 
epiphytic and climbing elements and includes Bryophytes (mosses and liverworts), ferns 
and higher vascular plants. Taxa typical of dryland environments (e. g. Fraxinirs 
excelsior) can be important vegetation elements, especially in drier parts of wet- 
woodlands or when growing as epiphytes, especially some ferns. 
Open herb-dominated fens are rare and most are the product of intensive 
management including grazing and mowing for thatching materials. In natural conditions, 
areas with high groundwater levels but no standing water are quickly colonised by wet- 
tolerant trees. In comparison to species-poor swamp communities, managed herb-fens 
are some of the most floristically diverse habitats in Britain. Drier areas of floodplains 
with high nitrogen availability may promote local growth of taxa such as Urtica dioica, 
while isolation from groundwater may encourage growth of calcifuge taxa such as 
species of Sphagnum moss. 
2.2.4.3 Estuaries 
Few vascular plants are able to survive permanently below low-tide mark, with the 
exception of eelgrass (Zostera sp. ). The main vegetated landforms in estuaries are 
saltmarshes, stretching from the low-tide to high-spring tide mark (Chapman 1974,1977; 
Adam 1990). Saltmarshes are zoned ecological communities, vegetation composition 
varying with local conditions and microtopography. Plant communities are dominated by 
Angiosperms, with annual plants dominating pioneer communities. Shrubs and 
herbaceous perennials dominate most other environments. Bryophytes are only rarely 
present at the upper saltmarsh margins. 
Vegetation survey has distinguished twenty-eight saltmarsh communities (Burd 
1989) that can be grouped according to the period of time that they are submerged by 
tides, although zonation is far from simple because of saltmarsh morphology. Creek 
dissection and erosion, mixed with inherited morphology mean that tidal penetration, 
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especially in the upper marshes need not be a direct reflection of distance from the 
channel (Korber-Grohne 1992). 
Pioneer communities can survive regular tidal inundation and invade mudflats, 
playing an important part in stabilising marsh surfaces and encouraging sedimentation 
and terrestrialisation. Recent spread of cord-grass (Spartina anglica) has severely 
restricted other pioneer communities (Adam 1990). Vegetation in the regularly inundated 
low- to mid-saltmarsh zone is dominated by grasses (e. g. Puccinellia sp. ) and shrubs 
(Atriplex portulacoides) mixed with patches of other species, some reaching local 
dominance. In the upper saltmarsh, only infrequently inundated by tides, vegetation is 
dominated by a dense growth of grasses and rushes. Strandline communities develop 
along the higher parts of marshes that are only weakly influenced by saline water, 
including dense swards of couch grass (Elytrigia repens). Swamps may also develop in 
natural depressions and abandoned channels. Transitions from saltmarsh to terrestrial and 
freshwater have largely been destroyed in Britain, but where present, they contain a 
mixture of upper saltmarsh and freshwater wetland taxa (Burd 1984; Adam 1990). 
2.2.5 Depositional environments, erosional environments and facies 
Channel, channel bank and overbank (floodplain/mudflat) environments are open to 
varied sedimentation and fossil inputs from both autochthonous (local) and 
allochthonous (non-local) sources. The sum of sedimentary and fossil characteristics, or 
facies (Reading 1978; Reineck and Singh 1980), is used as a basis for interpreting 
palaeohydrology, palaeovegetation and other palaeoenvironmental variables. 
2.2.5.1 Rivers 
Channels are represented by erosive surfaces and characteristic sediments such as 
channel lag, channel bars and point bars. Channel lag is the coarser sediment fraction on 
the channel bed. Point-bars form on the convex side of river meanders and are the main 
site of in-channel sedimentation in meandering rivers. They form as the result of 
discontinuous lateral sedimentation and have a cross-bedded structure with coarser 
particle sizes fining-upwards from basal lag. Bars also form in channels as the result of 
point-bar dissection, deposition of sediment by secondary currents and where tributaries 
meet the main channel. 
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The channel edge in many rivers is a bench formed by bank erosion or 
sedimentation onto a point bar or riverbank (Brown 1997). Levees also form in some 
rivers, although are absent from most British rivers. These wedge-shaped raised mounds 
form during floods as flow velocity falls causing sedimentation of larger particles at the 
channel edge. Channel banks often have dense vegetation cover, the roots of which can 
destroy the cross-bedded sedimentary structures. 
Overbank environments, including floodplains and abandoned channels, are the 
main sites of alluvial sediment deposition in lowland Britain. Floodplain sediments 
accrete vertically and are usually fine-grained organic-rich muds. Vegetation growth can 
be extensive over floodplains and swamps form where standing-water is present for 
much of the year, including abandoned channels (oxbow lakes). These areas act as 
settling basins for suspended load sediments in floodwater and contain finely laminated 
sediments, unless disturbed by root penetration, and large quantities of organic matter. 
2.2.5.2 Estuaries 
Sedimentation varies in individual estuaries, although overall patterns are discernible 
(Evans 1953). Tidal channels and creeks are the main conduits for tidal waters, with 
sediments in larger creeks containing larger particle sizes. Basal channel lag, consisting 
of poorly sorted, large sized particles, is overlain in aggrading beds and shoals (channel 
bars) by interdigitated silt and sand laminations deposited in the alternating currents of 
the tidal cycle. Lateral point bar deposition also occurs in some tidal channels and creeks 
as they migrate across mudflats. 
Particle size in tidal flat sediments, as with floodplains, decreases away from the 
channel, although it is not always constant and depends on sediment availability. In the 
classic model of Evans (1965), based on the Wash, sand flats grade into the lower 
mudflats and then inner sand flats above the break in slope at the channel edge. Sand flats 
are not always extensively developed in the estuaries of the southeast England because of 
a lack of sand in the catchment. The lower intertidal zone, inner mudflats and saltmarshes 
consist of fine-grained muds, although bioturbation by vegetation on saltmarshes and 
invertebrates on mudflats effectively destroys any sedimentary structures (Edwards and 
Frey 1977). Abandoned channels and low-lying areas at the landward edge of the marsh 
act as settling basins and, like their counterpart in river systems, become filled with 
laminated fine-grained sediment rich in organic matter. 
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2.3 Plant macrofossil analysis 
2.3.1 Plant macrofossils in geology and archaeology 
Plant macrofossils are the remains of plants preserved in sediments that are visible to the 
naked eye (Dickson 1970; Watts 1978; Birks and Birks 1980; Mannion 1986). They are 
preserved through the geological column (White 1994; Stewart 1996), Holocene 
macrofossils usually being preserved in environments with maintained high groundwater 
levels such as peat bogs, lakes and rivers. Most plant structures are included in this fossil 
category with the exception of microspores (including pollen), silicified cells (phytoliths) 
and diatoms. Complete intact plants are uncommon in the fossil record and macrofossil 
assemblages usually consist of complete or fragmented structural elements (e. g. leaves, 
roots). 
In the nineteenth and early twentieth centuries, plant macrofossils provided the 
sole source of geobotanical data (e. g. Heer 1862; Bennie 1894; Geikie 1865-1867; Lewis 
1905; Reid 1913). Many early records were limited to verbal descriptions of the 
macrofossils visible in exposures, and detailed macrofossil studies were rare, usually only 
recording species lists. Macrofossil analysis declined in importance in Holocene 
investigations from the 1920s with the development of quantitative palynology, although 
continued to be important in pre-Holocene geology (e. g. Gastaldo and Ferguson 1998). 
Renewed interest in plant macrofossil analysis in recent decades can be attributed 
to the increased biological detail required for palaeoecological and archaeological 
investigations (West 1978) and the realisation that palynology is complementary to plant 
macrofossil analysis, rather than providing an alternative to it (e. g. Birks and Mathewes 
1978; Birks 1993). Over the period, advances have occurred in all aspects of the subject, 
the most important being the development of quantitative analysis and taphonomy. The 
following properties have been attributed to plant macrofossil assemblages as a result of 
methodological and taphonomic research: 
1) Macrofossil assemblages are incomplete transformations of vegetation data selected 
as a result of the operation of intrinsic and extrinsic biological, physical and chemical 
processes. 
2) Plant macrofossils are derived from a diverse group of plant structures, each with its 
own dispersal properties and relationship to accreting sediment surfaces. Some, such 
as seeds and fruits, accumulate at the sediment surface, having the potential to 
43 
provide information about contemporary vegetation and environments (Birks and 
Birks 1980). Others, such as rhizomes and roots, accumulate below the source plant, 
providing information about plant growth subsequent to sediment accumulation 
(Godwin 1960). Assemblages, therefore, contain macrofossils of different spatial and 
temporal fidelities (sense Kidwell and Flessa 1995). 
3) Plant macrofossils are often distributed over short distances in sedimentary 
environments and, therefore, reflect the flora and conditions close to the site of 
deposition. 
4) Plant macrofossils are distributed non-uniformly, even over small spatial scales (Birks 
1980; Mannion 1986). Assemblage composition can vary even within the same 
environment (Greatrex 1983) making interpretation on the basis of a single sample 
potentially unreliable (Birks and Mathewes 1978; Birks and Birks 1980; Mannion 
1986; Wasylikowa 1986). 
5) Macrofossils, especially seeds and fruits, usually achieve low concentrations in 
sediments. Large sediment samples, therefore, are required to provide a representative 
sample of macrofossils suitable for quantitative analysis (Watts 1978; Birks and Birks 
1980; Mannion 1986). Where cores are used, the requirement for large sediment 
samples decreases analytical resolution and in many cases precludes analysis. 
6) Plant macrofossils, especially seeds and fruits, are often identifiable to genus or 
species level (Watts 1978; Birks and Birks 1980; Mannion 1986). Plant macrofossil 
analysis, therefore, has the potential to provide taxonomically detailed reconstructions 
of past vegetation and also to provide data for palaeocological studies of individual 
species. 
7) Plant macrofossils are produced by taxa which may not produce distinguishable pollen 
(e. g. Phragmites australis), adding detail to palaeovegetation reconstructions (Watts 
1978; Birks and Birks 1980; Mannion 1986). 
2.3.2 Methods and techniques 
2.3.2.1 Plant macrofossils infacies descriptions 
Early macrofossil investigations (nineteenth century) usually recorded only the presence 
of macrofossils in facies descriptions. Informal notation (e. g. Reid 1913; Travis 1927; 
Godwin 1960) has largely been replaced by more formal systems such as the Troels- 
Smith system (Troels-Smith 1944; Aaby and Berglund 1986) and later improvements 
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(e. g. Barber 1981; Waller 1994; Wilkinson and Murphy 1995). These systems record the 
relative proportion or dominance of macrofossil groups (e. g. wood, vegetative remains) 
in sediments. The Troels-Smith system uses latinised terms to record sediment 
components. Its application is practically difficult, highly subjective and requires 
distinction of facies elements and the conditions in which the materials formed, confusing 
description and interpretation. These problems have led to the use of more site-specific 
descriptive schemes (Walker 1970; Waller 1994; Wilkinson and Murphy 1995). 
2.3.2 2 Sampling and recovery 
Detailed macrofossil analysis, in which specimens are identified and quantified, requires 
the extraction of intact macrofossils from sediments. Analysis of all preserved 
macrofossils in an exposure or core is impractical and unnecessary and sampling methods 
are employed to recover a representative sub-set (sample population) of the total 
macrofossils present in a sedimentary unit (the population). Plant macrofossil 
assemblages are not easy to sample as they include a range of fossil sizes present in 
variable concentrations in different sediments that may be adjacent in alluvial strata. In 
practice, large macrofossils (e. g. trees) are described in situ, plotted and sampled for 
identification purposes. Smaller macrofossils, present in larger concentrations, are 
collected in whole sediment samples and extracted in the laboratory. 
Sampling and recovery methods affect the sampled macrofossil population and 
therefore the type, temporal resolution, spatial resolution and reliability of information 
from assemblage analysis. For most ecological and environmental questions over 
Holocene and archaeological time-scales, maximum temporal and spatial resolution of 
data is required. Samples that cross stratigraphic boundaries mix temporally and possibly 
environmentally distinct fossils. Large homogenised `bulk-samples' from individual strata 
mix fossils from different episodes of deposition within a unit. Both reduce the usefulness 
of macrofossil assemblages and should be avoided. Sample method and size are often 
limited by the type of investigation. Sections allow optimum sampling access and large 
samples may be collected with stratigraphic precision. Samples from borehole 
investigations (e. g. Devoy 1979) are limited by the size of the coring device. 
There are no agreed guidelines for sediment sample volume, although West has 
suggested that the samples should collect at least 50 identifiable seeds and fruits (West 
1978). Ultimately the sample size does affect the precision and usefulness of any data set, 
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although this need not negate the value of smaller sample sizes if the problems inherent in 
their interpretation is recognised (Jones 1991). Although empirical and a priori limits 
have been set for minimum sample sizes (West ibid; Van der Veen and Fieller 1982 
respectively), the most widely adopted and pragmatic method of sampling is to collect a 
standard volume of sediment. A sample size of 100cm3 has been suggested for seed and 
fruit analysis (Birks and Birks 1980) and is widely employed. A sample size of 4 cm3 has 
been used for macrofossil cover abundance analysis of ombrotrophic peats (Barber et al. 
1994; Hughes et al. 2000) and samples of a minimum of 10 litres in size have been 
suggested for archaeological sites (Association for Environmental Archaeology 
guidelines). Pre-determined sample sizes may collect an inadequate sample of 
macrofossils or too many for practical analysis, although they provide a basis for 
comparison of fossil presences as sample size is directly related to taxon diversity (Gee 
and Giller 1991). One method of determining how representative a sample is, is to 
construct a cumulative sample profile in which the macrofossils from larger and larger 
volumes of sediment are plotted (e. g. Fasham and Monk 1978). Samples are shown to be 
representative when stable values are reached. 
Recovery methods typically involve separation by sieving of macrofossils from 
the sediment in which they are preserved (Dickson 1970; Kenward et al. 1980). Sieve 
size is a vital determinant of which macrofossils are selected for analysis, 125 µm 
ensuring recovery of even the smallest seeds. Loose sediments such as sands and gravels 
require minimal pre-treatment (e. g. soaking in water) before sieving, unlike cohesive 
peats, clays and silts. Excavation of larger macrofossils from peat is followed by soaking, 
usually in dilute Potassium or Sodium Hydroxide (KOH or NaOH) (Dickson 1970). 
Compacted clays and silts require deflocculation, the most commonly used being dilute 
Hydrogen Peroxide (H202), although like KOH and NaOH, this can destroy organic 
matter. An alternative is phosphate-based deflocculants (e. g. Calgon), although these are 
environmentally damaging. After sieving, macrofossils are stored in moist conditions as 
drying usually causes shrinkage, distortion and physical damage. Distilled water with 
small amounts of ethanol, formalin or preservatives are suitable storage media. 
2.3.2.3 Identification 
In contrast to taxonomic botany, where complete plants are present, palaeobotany 
identifies taxa from fragmentary structures. Fossil specimens are identified (given a 
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structural and/or taxonomic status) by comparison to verified modern plant reference 
specimens or published identification criteria. Identification makes the uniformitarian 
assumption that identification features have changed minimally between the period in 
which the fossil specimen lived and the present day. For Holocene time-scales such 
assumptions are acceptable, at least for taxonomic ranks above genus, and for most 
species. Fossils are assigned to a taxonomic rank only if features thought to be 
taxonomically distinctive are preserved. In recent decades earlier confidence in the 
accuracy of macrofossil identification (e. g. Reid and Reid 1908) has been tempered by a 
realisation that some diagnostic features vary widely within species and genera (Dickson 
1970) and higher rank identification of some fossils is impossible. 
Most macrofossil analyses include identification of seeds, bracts and seed-like 
structures using morphological characteristics (i. e. shape, size, presence of characteristic 
surface structures etc. ). Many seed manuals describing identification features are 
available (e. g. Beijerinck 1947; Mclure 1957; Bergerren 1961,1981; Korber-Grohne 
1964; Schermann 1967; Katz et al. 1969) and several papers provide guidelines and 
bibliographies of relevant publications (e. g. Dickson 1970; Mannion 1986a; Nesbitt and 
Greig 1989). Megaspores, sporangia and related structures of the ferns and their allies 
have been described in several texts (Stace 1991; Hutchinson and Thomas 1997). 
Vegetative and woody macrofossils are less commonly subject to systematic 
analysis, with the exception of the Bryophyta (mosses and liverworts). Moss 
identification uses morphological and anatomical criteria (i. e. the range and distribution 
of vascular and other tissues in the specimen), with reference to modern specimens and 
published descriptions. As mosses are often preserved whole or in large, intact pieces, 
modern floras are suitable for identification (e. g. Smith 1978,1990; Watson 1955). 
Macro-algae are also possibly identifiable, although are rarely encountered in 
macrofossil assemblages. Morphological and anatomical descriptions of several classes of 
Algae are available (Burrows 1991; Fletcher 1987; Dixon and Irvine 1977; Moore 1986), 
although the only algal remains likely to be encountered are Characeae oospores (see 
Horn of Rantzien 1959; Dickson 1970). 
Identification criteria for the vegetative and woody structures of the higher 
vascular plants are fragmentary and often in dispersed publications. The Anatomy of the 
Monoctyledon (AoM) (e. g. Metcalfe 1960,1971) and Anatomy of the Dicotyledon 
(AoD) series (Metcalfe and Chalk 1950,1979) provide the most comprehensive 
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anatomical details, but is patchy in its coverage of genera and species and some 
commonly preserved fossils (e. g. rootlets). Identification criteria have been published for 
the stem wood (Schweingruber 1990) and the root wood (Cutler et al. 1987) of 
European arboreal taxa. Vegetative tissues are less well published. Photographs and 
drawings are available for some of the most common plant fragments, such as 
Phragmites australis rhizomes (e. g. Katz et al. 1974; Grosse-Brauckmann 1976). 
Descriptions of rhizome epidermal, stelar and cortical anatomy are given in the 
AoD/AoM series and Hather (1993). Relatively few studies of root anatomy have been 
published (Fahn 1990) and are usually dispersed in autospecific accounts (e. g. Arber 
1925), although an account of external root anatomy of sometaxa has been published by 
Katz et al. (1974). 
Vegetative aerial stems can be identified from morphology, transverse sections 
and epidermal features. They are again covered partially at family and genus level in the 
AoD/AoM series with higher level accounts scattered in botanical and palaeobotanical 
texts (e. g. Gifford and Foster 1989; Bell 1992; Johnson 1933; Bower 1923,1926,1928; 
Stace 1991). Some leaves, if preserved whole (e. g. Filicophyta and some Dicotyledonae) 
can be identified by comparison to standard floras (e. g. Stace 1991; Jermy and Camus 
1991). Identification is more difficult if the leaves are fragmented or display limited 
morphological variability (e. g. in many Monocotyledons). In these cases, identification 
depends on the use of anatomical characters. Although leaf identification criteria are 
established (e. g. Hickey and Wolfe 1975; Dilcher 1974; Hickey 1979; Pole 1991), 
descriptions of specific groups are dispersed (e. g. Grosse-Brauckmann 1976; Bhambie 
1965; Chiu-Yu Chu 1974; Van Cotthem 1970b, 1973; Sen and Hennipman 1981; Hill 
1900; Conard 1905; Jones 1955; Mitchell 1971; Ancibor 1979) and identification criteria 
for many taxa are simply lacking. 
Several other potential groups of fossils are encountered in plant macrofossil 
assemblages including petioles, abscission layers from petiole and twig bases, stipules, 
thorns and prickles. Again, descriptive criteria have been established for these structures 
(e. g. papers in Metcalfe and Chalk 1979), but detailed descriptions of relevant British 
taxa have yet to appear. Stipules of some taxa have been illustrated (Lubbock 1908; 
Meikle 1984). A comprehensive description of the buds and bud-scales of British taxa 
has been published by Tomlinson (1985). 
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2.3.2.4. Recording and presentation of macrofossil assemblages 
Quantification has been one the major methodological advances in macrofossil analysis in 
the post-war period. Macrofossil quantification is difficult because macrofossil 
assemblages consist of heterogenous remains derived from many plant structures (West 
1978; Faegri and Iversen 1989), some of which cannot easily be quantified. This 
heterogeneity has led to separate recording and analysis of the various types of plant 
macrofossils. 
Seeds are the only discrete and usually complete structural elements commonly 
preserved in macrofossil assemblages (West 1978) and are usually counted (e. g. 
Caseldine et al. 1988; Wilkinson and Murphy 1988; Regnell et al. 1995). This property 
has made them one of the main foci of plant macrofossil research (West 1978). Counts of 
fragmented vegetative and woody remains are a dubious basis for interpretation as they 
reflect taphonomic processes as much as changes in environmental variables, although 
they have been used (e. g. Kelly and Osbourne 1964). They have more commonly been 
quantified by use of relative abundance or ranking systems (e. g. Conolly et al. 1950; 
Jessen et al. 1959; Walker and Walker 1961; Watts and Winter 1966; Barber 1981; Hall 
1984; Newnham et. al. 1995). Ranking systems do not conform to any comparative 
standard making inter-sample comparisons difficult (Rodwell 1991a, general 
introduction). 
Volumetric measurements and estimates have also been used for vegetative 
macrofossils (Jannsen et. al. 1975; Van Geel et. al. 1980; Havinga and Von den Berg 
van Saparoea 1992), as have specific recording systems for particular types of 
macrofossil (e. g. Janssens 1983). The most recently devised method was that of using 
cover abundances for estimating the macrofossil composition of peat samples (Barber et 
al. 1994; Hughes et al. 2000). 
Macrofossil data have been displayed as tables or macrofossil diagrams. Tables 
provide the most complete recording system (e. g. Behre 1986; Caseldine 1988; Greig 
1992a) but are clumsy and of limited use as analytical tools (Watts and Winter 1966). A 
more visually appealing approach is to generate plant macrofossil diagrams, multiple 
histograms showing the abidance of taxa at each stratigraphic level (e. g. Walker and 
Walker 1961; Birks and Mathewes 1978; Caseldine et al. 1988; Birks 1993). These 
diagrams are concise and allow easier visual intra- and inter-sample comparisons. 
Macrofossil diagrams have been constructed for absolute counts, percentages (Watts and 
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Winter 1966; Lambrick and Robinson 1988), concentrations (Van Geel et al. 1980; 
Baker 1993 et al.; Birks 1993), presence data (Birks and Birks 1980, Chapter 5), ranking 
scores (Beckett 1978a and b, 1979), volumetric measurements (Havinga and Von den 
Berg van Saparoea 1992), cover abundances (Barber et al. 1994) and influx diagrams 
(Birks and Mathewes 1978). They can then be divided into assemblage zones by eye or 
by using computer programmes, boundaries indicating major changes in assemblage 
composition. Pie charts are also a useful form of presentation and have been used for 
indicator species salinity data (Behre 1986). 
2.3.2.5. Data Analysis 
Most early macrofossil analyses compared (and many still do) quantitative and non- 
quantitative data to environmental variables by eye. More recently, numerical methods 
have been developed. They have been used inductively to clarify patterns in macrofossil 
data via internal sample composition using correlation co-efficients, cluster analysis, 
correspondence analysis and principal components analysis (Barber et al. 1994), 
especially in archaeology (Shennan 1988; Baxter 1994) and deductively to compare data 
to a priori categories by canonical variant analysis (Jones 1991). Cluster analysis can be 
used for diagram zonation and is mainly used in palynology. Other methods include 
ubiquity (presence) analysis and the use of various ecological indices (Hubbard and 
Clapham 1992), the former particularly useful for interpreting vegetation change (Ogden 
et al. 1993). 
While providing convenient methods of ordering and investigating patterns in 
datasets, the results of numerical analysis have to be interpreted by the palaeoecologist. 
The main advantage of these methods is that they can independently determine the 
relationship of complex datasets that may not be apparent by other means. The main 
drawback is that each method operates under assumptions about the dataset that may 
distort relationships between samples or sample variables and give importance to patterns 
that have no environmental or ecological significance. In practice, few macrofossil 
studies have attempted to employ numerical analysis, preferring to continue with the 
`eyeballing' method. An exception is in the analysis of ombrotrophic peats where 
detrended correspondence analysis has been used (Barber et al. 1994) and in archaeology 
on charred archaeological plant remains (e. g. Van der Veen 1992). 
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2.3.3. An interpretative framework 
Plant macrofossil analysis, as with other geological disciplines, has developed a more 
formal theoretical framework in the last fifty years schematised in Figure 2.1. The basic 
unit of analysis in Holocene palaeoenvironmental investigations is usually the assemblage 
defined as `an accumulation of plant parts, derived from one or several individuals, that is 
entombed within a volume of sediment laid down under essentially the same conditions' 
(Spicer 1989,100). Macrofossil analysis aims to use the presence and relative abundance 
of taxa preserved in plant macrofossil assemblages as a basis for the interpretation of past 
vegetation ecology and environmental conditions. 
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11 
CFacies Fossil Identification, 
Interpretation 4 Quantification 
Interpretation of 
Depositional Emiromnent 
*Actualistic 
Studies 
Consideration of Assemblage Taphonomy 
*Mode zn 
Fcological o1og 
s 
Identification of source Vegetation 
Reconstruction of Temporal and 
Spatial Vegetation Patterns 
I *Palynology 
Dating 
*Boxes = external source 
Climate Models 
Reconstruction of Temporal and 
Spatial Environmental Patterns 
Figure 2.1 Framework of Plant Macrofossil analysis. 
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Methodological uniformitarianism is a cornerstone of interpretation (Birks and 
Birks 1980). However, the usefulness of modern reference data for the interpretation of 
past phenomena depends on the stability of these phenomena over time (Spicer 1989). 
Interpretation usually involves comparing macrofossil data to those from modern 
ecological and environmental observations, including autecological (e. g. papers in the 
Biological Flora of the British Isles such as McVean 1953 and Conway 1942; Grime et 
al. 1988) and community scale studies (e. g. Rodwell 1991a, 1991b, 1992,1995). 
Palaeoecological accounts occasionally focus on the ecology of individual taxa (Brown 
1988; Chambers and Elliot 1989). More commonly generalised vegetation descriptions 
are attempted as a basis of floral, ecological and environmental reconstructions (Gee and 
Giller 1991). 
Macrofossil assemblages are not pristine representations of past vegetation. They 
are death assemblages (thanatocenoses) of fossils preserved selectively as the result of 
past biological, physical and chemical processes (Evans 1992). Death assemblages may 
vary in relation to the living assemblage in terms of the range of taxa preserved and the 
relative proportion of those taxa in the assemblage (Birks and Birks 1980; Gee and Giller 
1991). The formation processes affecting the fossil assemblages, or taphonomy, have to 
be considered if the reliability of fossil data is to be evaluated. Other sources of 
palaeoenvironmental data, especially sedimentology and palynology, contribute to 
broader interpretations. 
2.3.4. Taphonomy 
Taphonomy bridges the gap between modern vegetation studies and the ancient 
vegetation represented in macrofossil assemblages. The subject was first discussed and 
named by Efremov as `the study of the transition (in all its details) of organic remains 
from the biosphere to lithosphere' (cited in Spicer 1989). It has been redefined more 
broadly in recent years as `the study of the process of preservation and how it affects 
information in the fossil record' (Behrensmeyer and Kidwell 1985) and has been divided 
into several sub-disciplines (Figure 2.2). Taphonomy has been studied at a theoretical 
level (Gifford 1981; Wilson 1988; Kidwell 1986; Kidwell and Flessa 1995) and through 
`actualistic' studies in which contemporary processes affecting potential fossil 
incorporation and preservation in sediments are observed. Actualistic studies include: 
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a) laboratory observations of the behaviour of individual plant structures in sedimentary 
environments (e. g. Ferguson 1985; Spicer 1989); 
b) direct observations of potential fossil assemblages in modern depositional 
environments as a means of understanding the processes and outcome of those processes 
on the fossil representation of living communities (e. g. Collinson 1982; Field 1992). 
Plant macrofossil taphonomy has been discussed in most detail by workers on 
Tertiary and older floras (e. g. Scheihing and Pfefferkorn 1984; Spicer and Greek 1986; 
Wnuk and Pfefferkorn 1987, Spicer 1989; Gastaldo and Huc 1992), although it has also 
been studied in a Quaternary context (Field 1992) and the results of many studies have a 
wide temporal application. Taphonomy has also drawn on studies of seedbanks (e. g. 
Milton 1939; Thompson and Grime 1979; Papers in Fenner 1992), seed dispersal 
(Praeger 1913; Ridley 1937; Salisbury 1975,1976b) and leaf litter turnover (Nykvist 
1959,1961,1962), although seedbank studies often record only viable seeds and so have 
to be treated cautiously (Collinson 1983). 
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Figure 2.2 The relationship of palaeoecology and the component disciplines of 
taphonomy based upon the time interval of the organism(s) under study (Based on 
Lawrence 1968). 
2.3.4.1. Biological considerations 
Communities consist of mosaics of vegetation associations in which the diversity and 
abundance of species vary. The chances of a plant's structures being preserved in fossil 
assemblages depends on its proximity to depositional basins (Gee and Giller 1991), 
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turnover rates and life-habit as to its abundance. Taxa with dense structures, short 
lifespans, living in dense communities in active depositional environments will be 
preferentially preserved. Although there may be spatial variability in community 
composition, many often have core species, present in all sub-communities and patches, 
which are thought usually to be preserved in abundance (Gee and Giller 1991; Kidwell 
and Flessa 1995). Unfortunately these species may provide the least specific ecological 
data, having the widest range of tolerances (Kidwell and Flessa 1995). 
2.3.4.2. Necrology 
Necrology is the study of the production and shedding of plant parts (Gastaldo 1988). 
The potential for plant fossil incorporation in sediments is dependent, in the first 
instance, on the dispersal properties of each plant structure and its chances of becoming 
exposed to sedimentary processes. Plants are fixed in one position during life, producing 
and shedding organs according to the species life-cycle (Spicer 1989), both above and 
below ground. They are composed of several structures, each having one or more 
primary functions, depending on the species. Plant growth and, therefore, the quantity of 
leaf, stem, root and seed production is dependent on the size of the plant, the nutrients 
available to it, climate and position in an environment. For example, leaf production is 
depressed in understorey trees and enhanced in canopy trees and those growing in open 
sites (Galstaldo 1989). 
Aerial plant parts, stems, leaves and reproductive parts, can be divided into those 
which are produced specifically for shedding and dispersal (e. g. seeds and fruits); those 
which are shed as a result of the seasonal cycle of growth (e. g. leaves and herbaceous 
stems); and those which persist during the life of the plant (e. g. tree-trunks). Structures 
produced for deliberate dispersal are often thickened and have evolved to resist decay 
and predation. Leaves and herbaceous stems are disposable structures and decay under 
normal circumstances (Spicer 1989). 
Macrofossil assemblages also include sub-aerial structures such as roots and 
rhizomes which hold the plant in position and provide a means of vegetative propagation. 
These organs are less susceptible to movement from the growing point of the plant and 
so are more likely to be incorporated in accreting sediments, although they do penetrate 
sediments deposited earlier than the accreting surface. Movement of these structures is 
only likely if sediments of which they are a part are eroded away. 
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With the exception of traumatic loss caused by storms, the quantity and range of 
plant structures shed, the periodicity of shedding and the extent of subterranean growth 
is dependant upon the plants life-cycle and regenerative strategy. A useful framework for 
considering this is Raunkiaers life-form classification which orders plants on the strategy 
employed to overcome the unfavourable season (see Figure 2.3). Trees and shrubs 
(phanerophytes and chaemophytes) shed leaves and seeds annually in temperate areas 
while retaining the woody stem during the lifecycle. Perennial herbs (geophytes, 
hemicryptophytes or helophytes), such as the common reed (Phragmites australis) shed 
seed and the entire aerial portion of the plant annually, producing a large quantity of leaf 
and stem detritus while retaining a living rhizome and root mass below the ground. 
Annuals (Therophytes) reproduce by seed and usually have ephemeral stem, leaf and root 
structures. 
Many plants retain both sexual and asexual means of propagation, utilising each 
in different circumstances. Seed production allows plants that would otherwise 
reproduce vegetatively in stable conditions to overcome periods of environmental 
instability and colonise exposed new habitats (Salisbury 1976a; Willson 1992). The 
allocation of energy to seed production depends on environmental conditions (Bazzaz 
and Ackerly 1992) and can be negligible if a plant mainly spreads by vegetative 
reproduction, as in Phragmites australis (Grime et al. 1988). For example, seed 
production is enhanced in some shade-tolerant species, such as Epilobium angustifolium 
and Circaea lutetiana, if light levels are increased (Salisbury 1976b). Therophytes rely 
entirely on seed production and often produce many thousands of seeds, up to 75,000 
per plant in the case of Chenopodium album. Seed production also varies with the type 
of seed dispersal mechanism adopted, larger numbers being produced in taxa that use 
wind dispersal (Salisbury 1976b). 
The timing and method of shedding aerial plant parts is important for the chance 
of entrainment in depositional systems. Seed and leaf shed have been studied in most 
detail, aerial stems less so. The periodicity of woody stem production is much lower than 
leaves and seeds, although in herbaceous plants stem production also follows a yearly 
cycle. As stems usually die and decay in situ they have a low potential for incorporation 
in sediments. Tree trunks and branches are also less readily shed than herbaceous stems, 
leaves and seeds, although branch fall can be common in some species (e. g. in Fagzis 
sylvatica) and tree trunks can be introduced into sedimentary basins by erosion and 
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catastrophic storm damage (Gastaldo et al. 1989). Leaf shed from deciduous trees in the 
temperate zone is a synchronous event, whereas leaf fall from coniferous and evergreen 
taxa occurs during the year (Spicer 1989). 
Life Form Features 
1. Therophvte Pass unfavourable season as seeds 
2. Phaneroph}te Wood} plants with buds more than 25cm above ground 
3. Chamaephvte Woody or herbaceous plants with buds less than 25cm 
above ground 
4. Hemicr ptophvte Herbs with buds at soil level 
5. Geoph}te Herbs with buds below soil level (on rhizomes/roots) 
6. Geophyte Herbs with buds below soil level (bulbs/corms) 
7. Heloph}te Marsh plants 
8. Hvdroph}1e Water plants (with basal rhizome/root) 
9. Hydroph}1e Water plants (free floating) 
Figure 2.3 Raunkaier's life-form classification 
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Chenopodium alhumn 
Quercus robur 
/Znipeirum nigrin)! 
I'otentilla anserina 
Orchis sp. 
Nvancinthoides non-scripta 
Carex acutiformis 
, Sagittaria sagittifolia 
Lemna truscula 
Plant structures have different dispersal potentials once shed from the parent 
plant, depending on the species and local environmental factors. Dispersal properties 
determine the distance from the parent plant a structure may travel and, therefore, its 
potential for sediment entrainment. Heavy structures, such as branches and tree-trunks, 
are unlikely to be dispersed, in the first instance, far from the site of growth (although 
see Gastaldo et al. 1989), as are herbaceous stems which die and decay in situ. 
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Seeds and fruits have evolved into a variety of forms to enhance dispersal 
depending on the survival strategy of the parent plant. Adaptations to wind dispersal 
include the development of feathery and wing-like structures (e. g. Asteraceae and 
Aceraceae) and production of an easily dispersed `dust' of tiny seeds (e. g. Orchidaceae, 
Janus spp. ) (Ridley 1934). The efficacy of wind dispersal methods varies with the seed 
structure, plant height and openness of the vegetation surrounding it (Sheldon and 
Burrows 1973; Burrows 1973; Salisbury 1976b; Green 1980). Animal dispersal is a more 
targeted strategy, ensuring dispersal within the narrow range of habitats through which 
an animal moves (Salisbury 1975). Adaptations for animal dispersal include provision of 
seeds and fruits with edible parts to encourage ingestion (e. g. in Viola spp. (ant 
dispersal) and Rubus fruticosus (birds)) and the presence of hooks that attach to feathers 
and fur (e. g. in Arctium minus). Grassland plants may be dispersed in the dung of grazing 
animals, although animals vary in the quantity of seeds they excrete undamaged (tanzen 
1982; Herrera 1984). Many riparian and aquatic taxa have seeds adapted to water 
dispersal (see below). Others have no particular dispersal adaptations, being distributed 
by a mixture of water, air and animal transport (e. g. Chenopodium). All dispersal 
methods have benefits and costs to the source plant. Wind transport is the least efficient 
and discriminatory method, although seeds are distributed in many habitats (Salisbury 
1975). Water transport and animal transport is more efficient, the vectors limiting 
dispersal to environments the plant is more likely to tolerate (ibid. ). 
Efficacy of leaf dispersal depends on leaf-weight per unit area and environmental 
factors (Ferguson 1985); therefore species vary widely in their dispersal potential. 
Smaller, lighter leaves and those that do not abscise readily (e. g. Fagus sylvatica) have 
the greatest potential for movement (ibid.; Spicer 1989). Leaves have been shown to 
move only a short distance from the parent tree in temperate and tropical forests. Several 
studies show that leaf assemblages accurately reflected canopy composition above the 
sampling point, although the main biomass producers can be over-represented (Ferguson 
1985; Spicer 1989; Burnham et al. 1992; Burnham 1994). 
Vegetation structure exerts an effect on aerial dispersal. Dense and tall vegetation 
can reduce wind velocities and the quantity of plant detritus transported. Vegetation, for 
example the presence of high groundcover, can also causes a barrier which can physically 
hinder leaf and seed movement (Salisbury 1975; Spicer 1989). Tall vegetation along 
lakes and riverbanks can be an almost impenetrable barrier reducing the transport of 
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plant matter into sedimentary environments (Birks 1973; Spicer 1989). Conversely, in 
poorly vegetated open environments such as periglacial tundra, wind can transport plant 
remains over considerable distances (Glaser 1981). 
Plant detritus and seeds are an important source of energy in many ecosystems 
and are decayed and preyed upon by bacteria, fungi, invertebrates, and vertebrates often 
working in association (Edwards and Heath 1963). Periodic or continuous shedding of 
plant organs causes a `rain' of plant detritus which is available for incorporation into 
sedimentary systems, but continuously destroyed by detritovores and predators. Seasonal 
shedding of plant parts can produce surges of plant litter; however, breeding cycles can 
be timed to take advantage of them (Spicer 1989). Surges of detritus caused by storm 
damage can overload detritovores and be important contributors to the fossil record, 
providing complete and temporally precise macrofloral assemblages (ibid. ). 
The effect of decay processes on macrofossils is dependent on: 
1) plant chemistry (Ferguson 1985); 
2) environmental chemistry (Nykvist 1959b); 
3) the extent of physical breakdown of detritus on exposure to decay organisms (Nykvist 
1962); 
4) the range of organisms in the environment (Edwards and Heath 1963). 
Leaves are subjected to an initial phase of rapid physical and chemical breakdown 
(Nykvist 1959a and b; Witkamp and Olsen 1963; Witkamp 1966; Spicer 1989), after 
which the effect of decay processes depends on the chemical environment. In anaerobic 
environments decay ceases, whereas in aerobic environments massive continued tissue 
loss occurs (ibid. ). Decomposition rates do, however, vary between species, the waxy 
leaves of pine (Pimus sylvestris) being very resistant (Nykvist 1959b) and broadleaf taxa 
less so (Nykvist 1959a, 1961,1962). Seeds are also heavily predated, especially near the 
source plant (Thompson 1992), although resistant seed coats increase the chances of 
survival. Detritovores and predators on seeds and leaves often target single species and 
concentrate near to the prey plant and it has been found that assemblages of potential leaf 
fossils in some aquatic environments consist only of allochthonous species, the remains 
of local species being totally recycled (Spicer 1989). 
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2.3.4.3. Biostratinomy 
Sedimentary processes further select the plant fragments incorporated into macrofossil 
assemblages and the study of these processes is biostratinomy (Gastaldo 1988). Plant 
structures are incorporated in sediments as the result of 
1) gradual accumulation due to deposition in sedimentary environments; 
2) `event' sedimentation (ibid. ) in which large bodies of sediment and plant tissue are 
deposited at once, as in catastrophic flooding or mudslides; 
3) penetration into sediments of plant structures during normal growth (e. g. roots and 
rhizomes). 
The rate and scale of these processes varies in different environments, but most plant 
material in Holocene alluvial sediments derives from 1) and 3). 
Once in the sedimentary system, plant detritus varies in how it responds to water 
depending on the species, structural component and structural completeness (Spicer 
1989). Environmental controls also exert an effect, including water velocity and 
turbulence, the latter causing plant detritus to sink more rapidly (ibid. ). Plant parts can 
be transported floating at the surface, as suspended load and as bed load (Field 1992). 
Floating matter has the potential to travel farthest in rivers and is easily stranded on 
shore surfaces, although this may increase susceptibility to predation. Floating rafts may 
also be affected by wind movement (Guppy 1894; Spicer 1989), whereas suspended and 
bed load movement is solely dependent on water velocity. 
Seeds vary in their ability to float (e. g. Praeger 1913; Ridley 1930), depending on 
the reproductive strategy of the species. Adaptations to water dispersal include 
development of low specific gravity, air pockets, hairs or other structures which increase 
surface area (Howe and Smallwood 1982). Floating increases the distance over which 
seeds are dispersed but slows down incorporation into sediments and increases the 
chances of predation. Leaves initially float in water, sinking as they become waterlogged. 
Floating times vary between species, undamaged thick leaves floating longest, and thin 
leaves sinking most rapidly (Ferguson 1985). Wood may float for several years before 
sinking, leaving it prone to decay and mechanical damage. 
Plant matter provides a major source of nutrients in aquatic environments and is 
heavily predated in the water column (Petersen and Cummins 1974). Biological decay is 
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affected by nutrient status, water chemistry and temperature (Kaushik and Hynes 1971) 
and combined with predation and mechanical damage in the water column, causes 
massive loss of plant matter from the sedimentary record. Even toughened structures, 
such as seeds and fruits, are damaged and differentially destroyed as a result of abrasion, 
crushing and enhanced decay by movements in waters moving at high-velocity, 
assemblages from bedload being particularly affected (Gee et al. 1997; Huber and 
Ferguson 1998). Low velocity movement only causes minor damage to most seed 
surfaces, suggesting that good preservation is a good indicator of local origins (Huber 
and Ferguson 1998). 
Deposition of plant matter occurs when the settling velocity is reached due to 
density increasing as it becomes waterlogged and/or as water speeds decrease. Leaf 
settling behaviour depends on leaf structure, with major differences between leaves from 
broad-leaved and coniferous trees (Spicer 1989). Movement through the water column 
can damage fragile plant structures, although the effect is dependent on water velocity 
and the extent of macrofossil decomposition (Ferguson 1985). Deposition is aided by 
riverbed roughness and enhanced in areas of slow water movement (Spicer 1989). 
Bankside vegetation can physically trap or prevent the penetration of plant particles. 
Deposition reaches a peak during slack-water in diurnal tidal cycles and during peak river 
discharges (Holyoak 1984). Distribution of macrofossils in sediments has been found to 
be uneven (Greatrex 1983; Watts 1978), with water movement and physical barriers 
causing concentration effects. 
Plant parts are either buried in situ at the place in which the parent plant grows 
(autochthonous deposition), or are carried into the sediment from elsewhere as a result 
of various dispersal processes (allochthonous deposition) (Gastaldo 1988). The quantity 
of allochthonous and autochthonous inputs depends on the openess of the environments 
to transport agents as well as the rate and type of dispersal processes in operation 
(Spicer 1989). Environments subject to limited water movement and high local water 
levels such as fens, swamps and bogs provide conditions in which plant material can be 
incorporated and preserved at the point of growth. Other, more open, depositional 
environments such as channel and channel bank environments in both rivers and estuaries 
may have considerable allochthonous inputs. 
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2.3.4.4. Diagenesis 
Diagenesis studies the processes affecting fossils once incorporated into sediments, 
including compression, mineral replacement and selective loss (Gastaldo 1988). Mineral 
replacement is less important over Holocene time-scales but preserves many earlier 
fossils. In Holocene and many Quaternary sediments, macrofossils are preserved by the 
maintenance of anaerobic environments. Sandy substrates are prone to percolation by 
oxygen-rich waters that encourage biological decay. Silts and clays accumulated in rivers 
and lakes hold water well and have a limited oxygen supply (Gastaldo 1988), 
encouraging preservation if groundwater levels are high or if there is a perched water 
table (Brown 1997). Changes from anaerobic to aerobic conditions caused by drainage 
can cause rapid decay of all organic remains as demonstrated in several archaeological 
projects (e. g. French and Taylor 1985), although similar processes may have occurred 
naturally in some sediments during periods of sea-level regression. Estuaries are sites of 
intense biological activity (Reineck and Sing 1980) and potential fossils can be lost 
through nutrient cycling. 
2.3.4. S. Actualistic research 
Data from studies of potential macrofossil assemblages in modern depositional 
environments have been used to evaluate the usefulness of macrofossil data from fossil 
assemblages deposited in similar environments. Many studies focus on determining how 
macrofossil assemblages reflect the depositional environment rather than specific 
ecological parameters (although see Burnham 1994). Studies have been completed for 
glacial environments (Van der Valk and Davis 1976; Glaser 1981; Holyoak 1984), lakes 
(Birks 1973; Rich 1993), woodlands (Burnham 1989,1994; Burnham et al. 1992), 
pastures, grasslands (Chippendale and Milton 1934; Major and Pyott 1966) and mires 
(Greatrex 1983). Coverage of environments and plant macrofossil groups is uneven 
(Evans 1992) and studies have often focused solely on one type of plant macrofossil 
and/or depositional environment. European studies have mainly focused on seeds and 
fruits, American studies on leaves, although some more wide-ranging analyses have been 
attempted (Scheihing and Pfefferkorn 1984; Gastaldo and Hue 1992). 
Several studies of small freshwater rivers and tidally influenced deltas have 
provided some information about plant macrofossil taphonomy in alluvial systems and 
have demonstrated that there are repeated recognisable patterns of macrofossil 
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preservation in depositional sub-environments, although in many cases they cannot be 
used as a direct analogue to northern European environments. 
Incorporation of surface accumulations of macrofossils on channel edge and bank 
surfaces depends on the rate and type of sedimentation, with some environments 
preserving discontinuous patches of leaves, twigs and seeds (Scheihing and Pfefferkorn 
1984) and others beds of macrofossils within laminated sediments (Gastaldo and Huc 
1992). Point-bars are the main site of in-channel deposition with a mixture of seeds, 
comminuted leaves and wood fragments deposited at floodstage (Scheihing and 
Pfefferkorn 1984; Field 1992). Other channel environments have little potential for 
incorporation of identifiable macrofossils because of constant re-working by currents 
(Galstado and Huc 1992). 
Macrofossils in channel bank and channel deposits are mainly derived from 
bankside or levee vegetation (Collinson 1983; Scheihing and Pfefferkorn 1984; Gastaldo 
1984; Gastaldo and Huc 1992; Field 1992), although terrestrial and more distant aquatic 
taxa are represented (Collinson 1983; Field 1992). Field (1992) noted regular patterns of 
over and under-representation of the seeds of some taxa, for example Plantago major 
and Prunella vulgaris respectively, depending on the mode of dispersal, although 
several, including Urtica dioica and Epilobium hirsutum, reached abundances 
approaching those in local vegetation communities. Channel sediments also have a high 
potential for the incorporation of plant matter re-worked from older deposits, with re- 
working possibly accounting for many rootlets and woody clasts (Gastaldo and Huc 
1992). 
Natural levees are composed of relatively coarse material which does not hold 
water and are subject to fluctuating water-levels (Gastaldo 1988) leading to destruction 
of macrofossils and preservation of only compression fossils and root casts (Scheihing 
and Pfefferkorn 1983; Gastaldo 1989). Crevasse splays, caused by the breaching of 
levees, have a higher chance of incorporating plant macrofossils, in some cases covering 
and preserving whole, intact beds of leaf litter (Gastaldo 1989). 
Fluvial backswamps, oxbow lakes and marshes are the main locations for 
macrofossil incorporation in alluvial systems. Vegetation prevents dispersal of levee and 
channel-edge macrofossils into backswamps (Gastaldo and Huc 1992) and macrofossil 
assemblages mainly reflect the local flora. Leaves are only preserved when water levels 
are permanently high and sedimentation is rapid (Scheihing and Pfefferkorn 1984; 
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Gastaldo 1989). Oxbow lakes are the main sites for preservation of leaves and other 
delicate macrofossils mainly derived from vegetation fringing the basin (Gastaldo 1987; 
Gastaldo et al. 1989). Comparisons of macrofossil and vegetation abundance have 
demonstrated that ultra-local canopy and groundcover dominants are over-represented 
and that assemblages are unreliable for characterising larger vegetation associations 
(Greatrex 1984; Scheihing and Pfefferkorn 1984; Gastaldo 1989; Burnham 1992). 
Plant litter entering tidally dominated environments is prone to extensive 
mechanical fragmentation caused by daily tidal movement and high biological turnover. 
Preservation is dependent on how open the specific depositional environment is to tidal 
influence, although most macrofossils again derive from local plants. Channel sediments 
contain well preserved macrofossils only if sedimentation is rapid (Scheihing and 
Pfefferkorn 1984), more usually being comminuted into tiny unidentifiable fragments 
(Gastaldo and Huc 1992). Point-bars can incorporate plant beds as in fluvial channels 
(ibid. ) and marshes preserve root structures but relatively little aerial plant matter, much 
of which is removed by tidal action (Gastaldo 1989). All environments that are tidally 
inundated are prone to allochthonous inputs, some of which may derive from 
considerable distances (Cappers 1993), although marshes with dense vegetation may 
effectively shut out allochthonous water-borne inputs. 
2.3.4.6. Temporal and spatial averaging 
Time-averaging is the mixing of fossils from different generations within a community or 
different environments into potentially misleading fossil assemblages (Kidwell and Flessa 
1995). Time-averaging varies between different alluvial environments, being more 
extreme in those with slowly accumulating sediments (ibid. ) that are open to 
allochthonous inputs and/or have in situ vegetation growth. Channel, channel edge and 
mudflat sediments may be most affected by allochthonous inputs, although marshes and 
wooded fens may be disturbed by the penetration of roots and, in the latter case, falling 
branches. Time-averaging can also be accompanied by `spatial-averaging' where 
representatives of spatially distant communities are mixed in fossil assemblages. In 
environments influenced by water-flow, such as tides and floods, the source biota may be 
at great distances from the site of deposition. This can be useful if catchment vegetation 
or ecologies are under investigation, and if extra-local inputs can be distinguished, for 
example on the basis of habitat requirements. Taphonomic studies have helped to refine 
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our understanding of fossil recruitment and some estimates of the distance some fossils 
have been made (Evans 1992; Waller 1994, Table 6.1; Brown 1997). 
2.3.4.7. Implications 
Taphonomic studies have demonstrated that plant macrofossil assemblages do not 
directly represent standing vegetation and should be treated as `death assemblages', the 
composition of which is a result of 
1) the life form of the source organism(s); 
2) the habitat in which it/they lived (including the presence of detritovores 
etc. ); 
3) proximity of the organism to a depositional sedimentary environment; 
4) the dispersal properties of individual plant parts; 
5) the sedimentary environment in which the fossils accumulated; 
6) post-depositional history, including water-level changes and sediment 
re-working. 
Plant macrofossil assemblages at best form partial records of past vegetation. 
Patterning reflects environmental and sedimentological selection processes as much as 
biological phenomena and affects both the spatial and temporal resolution of 
interpretations of fossil data. Actualistic studies also show that taphonomic patterning 
can be understood, at least partially, although the ecological resolution of assemblages in 
many environments has yet to be fully investigated (Kidwell and Flessa 1995). In alluvial 
environments, macrofossil incorporation can vary widely between different depositional 
sub-environments and appreciation of assemblage taphonomy is required if any 
meaningful information is to be gained from macrofossil analysis. This means that 
investigation of long-scale temporal and spatial patterns requires comparison between 
assemblages deposited in similar environments or as a result of similar `taphonomic 
modes' (Behrensmeyer and Hook 1992) 
2.4. Palaeoenvironmental and palaeoecological applications 
2.4.1. Interpreting alluvium in space and time 
Analysis of sedimentary and biological data is used to reconstruct alluvial environments 
and investigate the global, regional and local variables that influence their development. 
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Independent variables, external to the fluvial system, include basin physiography and 
geology, climate, sea-level, base-level, anthropogenic disturbance and tectonic factors 
(see references at the beginning of this chapter; Burrin 1983). Dependant variables, 
emergent from the interaction of external variables, include discharge, sediment load, 
sediment type and flow velocity (ibid. ). Resolution of these variables, especially at the 
level of temporal resolution required in archaeological and Holocene studies, is 
complicated by the following factors: 
A) Alluvial sedimentation is discontinuous. Erosion and hiatuses in sedimentation may 
create gaps in the sedimentary record and spatial discontinuity in sedimentation means 
that secure correlation of sediments from similar heights in different parts of an 
exposure may not be possible. 
B) Dating of episodes of sedimentation is difficult. Absolute methods rely on the 
presence of fossils that may be re-worked, intrusive (i. e. roots and rhizomes) or 
contain hard-water error. Apparently synchronous events, such as episodes of peat 
deposition (e. g. Devoy 1979) may be time-transgressive and should not be considered 
chronostratigraphic markers. 
C) Sediment deposition occurs laterally and vertically and sediment accumulation rates 
are variable. 
D) Similar sedimentary profiles and structures may be produced in different depositional 
environments, especially when fine-grained sediments are deposited and bioturbated. 
E) Bioturbation by root penetration and animal burrowing on saltmarshes, fens and carrs 
destroys sedimentary structures and mixes diachronous deposits. 
F) Different depositional environments incorporate variable and unpredictable quantities 
of allochthonous and autochthonous fossils. 
G)Local processes may dominate sedimentation and ecology, masking the effects of 
global and regional scale variables, such as climate. 
H) Exposures of alluvium are often small, reducing the potential for identification of 
sedimentary structures and landforms, potentially leading to the collection of 
unrepresentative fossil samples. 
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2.4.2. Channel and floodplain development 
Reconstruction of former channel dimensions and channel networks is difficult because 
river movement and re-working obliterates traces of channel sediments and cuts. 
Presence of channel lag and bar facies may point to in-channel deposition and levee 
facies may indicate former channel margins. Changes in floodplain sedimentation and 
vegetation can also be used to infer channel processes and changes in the catchment. 
Reconstruction of channel and floodplain morphology and development has been 
attempted using inductive formal models (e. g. Leopold and Wolman 1970). More 
recently deductive approaches have been attempted (Richards 1982) that aim to explain 
river development within a broader understanding of catchment history, including human 
impact (Richards 1982; Burrin 1983). Plant macrofossil analysis has mainly contributed 
to these models by providing local vegetation reconstructions (e. g. Brown and Keough 
1992). 
2.4.3. Palaeohydrology 
Palaeohydrology is the study of past water composition and movement. 
Sedimentological information and historical records can contribute to reconstructions of 
flood regimes and channel dimensions can be used to calculate palaeodischarge (Brown 
1997). Fossils can act as indicators of past hydrological conditions, although, because 
alluvial environments are open to allochthonous and autochthonous inputs, careful 
consideration of fossil taphonomy is required to ensure the spatial and temporal fidelity 
of the assemblages. The most commonly used fossils include diatoms (Batterbee 1988), 
used to identify the penetration of the tidal wedge up the river Thames (Milne et al. 
1986). Palynology has also produced important information about floodplain and channel 
biota (Devoy 1979; Burrin and Scaife 1984; Scaife and Burrin 1992; Waller 1994; 
Brown 1997). 
Plant macrofossil analysis has mostly contributed to palaeohydrological 
investigations of lake and bog development (e. g. Godwin 1959; Walker and Walker 
1961; Nenwnham et al. 1995). Multi-disciplinary studies of alluvial sequences have also 
included macrofossil analysis to identify saline-freshwater transitions (e. g. Devoy 1979; 
Waller 1994). Various other studies have used macrofossil analysis to reconstruct water 
quality (Baker et al. 1995), river and basin histories (Godwin 1955; Caseldine et al. 
1988; Housley 1995) and the environmental context of archaeological finds (e. g. 
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Clapham and Godwin 1948; Beckett 1978a and b, 1979; Hillman 1981; Wilkinson and 
Murphy 1988,1995). Studies of alluvium have shown that groundwater levels have risen 
over much of southern England as a result of anthropogenic disturbance (Bell 1982; 
Scaife and Burrin 1987; Lambrick and Robinson 1984) from at least 3000BC. 
2.4.4. Palaeoecology and vegetation history 
Vegetation history aims to reconstruct the distribution and development of major 
vegetation associations over space and time and has long been a major focus of 
Quaternary palaeobotany. Palaeoecology aims to reconstruct the distribution and 
interaction of organisms within their environment in space and time by analysis of death 
assemblages (Birks and Birks 1980). Palaeoecology, therefore, operates at a more 
detailed scale of analysis, is concerned with elements of the whole ecosystem rather than 
its plant component solely, and requires a multi-disciplinary approach. Both subjects 
contribute towards the interpretation of alluvial environments, the determination of the 
potential for and influence of human activity and the interpretation of wider 
environmental conditions and long-term change (Brown 1997). 
Underlying palaeoecology and vegetation history is uniformitarianism, the 
concept that modem environments and biota can be used as a basis for interpreting the 
same phenomena in the past (Birks and Birk 1980). Alluvial sedimentation processes are 
thought to have varied little over recent millennia, although the full suite of causal factors 
affecting alluviation cannot be assumed to be operating today (Brown and Keough 
1992). Biological tolerances and processes are also assumed to have changed little over 
Holocene timescales, although some modern ecological studies suggest that plant species 
may be prone to rapid evolution (Adam 1990). It remains a possibility that modern 
organisms with identical morphology to fossil specimens may have evolved different 
ecological tolerances and competitive strategies and it is almost certain, given the impact 
of human activity, that community structure has changed. 
Distributions of taxa are made on the basis of their presences in fossil 
assemblages. Environmental conditions can also be reconstructed using modern 
observations to identify indictor species, assumed to have unchanging associations with 
particular environmental conditions (Figure 2.4). More refined ecological and 
environmental investigations require community-level reconstructions, a task 
complicated by taphonomic processes (see above). Reference is usually made to modern 
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ecological studies (see section 2.3.3). These accounts, however, only classify extant 
vegetation, providing a restricted and anthropogenically influenced reference flora, and 
other vegetation combinations would have existed in the past. Direct application of 
formal classification schemes have to be applied with caution (Greig 1992a) and it is 
usually difficult as the ecological indices used to classify vegetation are not directly 
comparable to those describing parameters in palaeoecological datasets. Most vegetation 
classifications use cover abundance measurements as a basis for classification. 
Experimental observations have suggested that relative pollen frequencies, modified to 
account for differential production and dispersal, equate well with vegetation cover 
abundance figures and that absolute pollen counts are useful indicators of relative plant 
biomass. No similarly detailed information is available for plant macrofossils. 
Concepts such as succession and zonation are commonly employed in 
palaeoecological interpretations. Saltmarshes are zoned communities and modern 
vegetation zones have been used as a basis for interpreting macrofloras from alluvial and 
archaeological sediments (Hillman 1981; Behre 1986; Korbe-Grohne 1992). The 
`verlandungs' series or hydrosere is an autogenic element to sediment deposition which 
has also to be considered in interpretations of floodplain lakes and backswamps (Birks 
and Birks 1980, Behre 1986). Fen-woodland successions in lowland settings have been 
modelled by Walker (1970) and recently re-evaluated by Waller et al. (1999). The latter 
showed alder carr woodland does not necessarily have to be a seral community in coastal 
wetlands, succeeded by ombrotorphic bog, but may, under conditions of rising sea-level, 
be a sustainable community in its own right. This examples serves to show the potentially 
dynamic nature of Holocene vegetation in alluvial environments and cautions the rigid 
application of autogenic models to past vegetation. 
Most palaeoecological investigations describe past communities, environmental 
conditions and palaeoecological data, and rarely have the resolution to explain the 
processes occurring within communities (Gee and Diller 1992). Successful, detailed 
palaeoecological investigations are rare (e. g. Walker 1970; Barber 1980; Waller et al. 
1999). Palaeoecological investigations of alluvium have often been part of investigations 
into sea-level and broader environmental change (e. g. Devoy 1979; Waller 1994; Scaife 
and Burrin 1987). Important contributions to regional and local vegetation histories 
have, however, resulted from these studies (e. g. Greig's use of Devoy's data in Greig 
1992b) and many have included some level of plant macrofossil analysis. Site-specific 
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vegetation histories have also been forthcoming from archaeological investigations (see 
Somerset Levels Papers and Severn Estuary Levels Research Committee annual reports, 
Greig 1992a, b; Thomas and Rackham 1996). Ecological questions partly addressed by 
studies of alluvium include the development of grasslands in Britain and Europe (Greig 
1988; Lambrick and Robinson 1988), the impact of European colonisation of America 
(Baker ei al. 1993), ecology of the Somerset Levels (Godwin 1960, Caseldine 1988, 
Housley 1995), the ecology of the floodplains of Central Britain (Brown 1988) and the 
history of alder expansion (Chambers and Elliot 1989). 
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Figure 2.4 Freshwater (glycophytic) and saltwater (halophytic) indicator species, 
including those of strong (euhalobic), medium (mesohalobic) and weak (oligohalobic) 
salinity (based on Betire 1986 Table 1) 
2.4.5. Local terrestrial environmental change 
Macrofossil assemblages in lakes have commonly been used as a basis for interpretation 
of larger landscape vegetation and environmental changes (e. g. Watts and Winter 1966; 
Birks 1993). Studies of alluvium have contributed to the interpretation of terrestrial 
environmental change and land-use patterns through vegetation reconstructions and 
studies of floodplain formation processes. Increased accumulation of sediments in several 
basins can be interpreted as the result of landscape clearance from at least the Bronze 
Age, if not earlier, as a result of soil breakdown, increased sediment supply and runoff 
(Bell 1982; Burrin and Scaife 1984; Burrin 1983; Scaife and Burrin 1987,1992; 
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Lambrick and Robinson 1984; Brown 1997). Vegetation studies of dryland biota have 
also been completed via analysis of pollen and macrofossils from alluvial sediments (e. g. 
Grieg 1992a 1992b; Thomas and Rackham 1996). These reconstructions have been 
particularly important in the Lower Thames Basin where other sedimentary basins are 
lacking. 
2.4.6 Relative sea-level change 
Sea-level research aims to identify the heights of sea-level at dated points in the past and 
to use these sea-level reference points to construct regional sea-level curves (Devoy 
1979; Shennan 1987). Alluvial sediments in the Lower Thames contain important sea- 
level reference points and regional hydrological information, being, therefore, important 
sources for sea-level research. Plant macrofossil analysis has played a minor role in sea- 
level investigations, usually as a means of identifying freshwater and saline environments 
via broad Troels-Smith type descriptions rather than detailed analysis of macrofossil 
assemblages. Other fossil groups, particularly ostracods, foraminifera and diatoms 
provide more useful indicators of tidal height and are the main sources of biological data 
for sea-level research (Allen 2000). 
Most accounts agree that until 7500 BP, sea-level rise was rapid following 
eustatic and isostatic adjustment after the end of glacial conditions (Shennan 1987). 
Marine influence can be traced in the estuaries of the Lower Thames by 8500BP (Devoy 
1979) when sea-level is estimated at -25.5m OR. Further sea-level rise has continued 
and prompted alluviation along the rivers of the Lower Thames Basin, tectonic 
movement being an increasingly important factor (Shennan 1989). Alluviation in many of 
the region's valleys contains alternating bands of silt/clay and peat deposited in estuarine 
and freshwater environments respectively. Traditionally regressive contacts (silt/clay to 
peat deposition) and transgressive contacts (peat to silt/clay deposition) have been 
assumed to represent lowering and rising sea-level, the contact point corresponding to 
the mean high watermark of spring tides (MHWST), or average highest tidal level 
(Devoy 1979; Behre 1986). Devoy suggested that these alternating phases of 
sedimentation were synchronous over the region. Episodes of peat deposition were 
named Tilbury I-V, the major phases of which occurred between 7000 BP and 6600 BP, 
5000 BP and 3900 BP, 2800 BP and 2600 BP and at approximately 1700 BP. 
Intervening episodes were named Thames I-V. 
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Subsequent work has confirmed broad correlation of episodes of peat deposition 
in the Lower Thames (Tyers 1988; Long 1995). In Essex the sequence differs from that 
described by Devoy, although there are some striking parallels. Early Holocene peat 
development was lacking, with that between 5000BP and 4000 BP corresponding to the 
Tilbury III regression. Another phase, between 1600BP and 1400BP, corresponds to 
Tilbury V (Greensmith and Tucker 1971; Wilkinson and Murphy 1988,1995). A similar 
record is seen on the Medway River (Evans 1953). Post-Roman sea-level rise was 
limited (Skempton 1995) but has led to the flooding of islands and lower estuary marshes 
on the Medway (Evans 1953). 
The identification of Thames and Tilbury phases as chronologically distinct has, 
however, been criticised, as alluvial sedimentation is time-transgressive (Kidson and 
Heyworth 1982; Rackham 1994) and correlation of strata from widely spaced cores does 
not account for differential compaction rates that distort recorded contact levels 
(Skempton 1995). It has also been suggested that transgressive and regressive contacts 
do not necessarily directly correspond to sea-level rise and fall and should only be used 
to show sea-level tendencies. Even the theory behind using these contacts to interpret 
sea-level change has been questioned because of the complex causative factors behind 
alluvial sedimentation. It has been pointed out that peat can form during marine 
transgressions if local groundwater conditions allow and sea-level rise is locally slow 
(Kidson and Heyworth 1973; Heyworth and Kidson 1982; Haggart 1995; Waller et al. 
1999). Reconstructions of MHWST have been superseded by identification of relative 
mean sea-level (RMSL) (Allen 2000). The generally accepted trends for Holocene 
RMSL in Britain show rapid rise up until ca 6000BP, followed by a slowing rate of rise 
until ca 3500BP. After a period of more rapid rise until ca 2000BP, RMSL rise 
decreased again and several authors have commentated on the problems in using the 
shallow, homogenous sediment record of the last two millennia to reconstruct general 
trends (Waller et al. 1999; Allen 2000). 
2.4.7. Climate change 
Local factors dominate alluvial sedimentology and ecology, masking more subtle climatic 
changes. Only large-scale climatic signals register unambiguously in the alluvial 
stratigraphical record, for example the identification of arctic as opposed to temperate 
floras (Reid 1949). Most investigations of climate using plant macrofossil analysis have 
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been applied to lake and bog sediments over Late-Glacial/Holocene transitions (e. g. Reid 
ibid.; Godwin 1959; Jessen et al. 1959; Watts and Winterl966; Birks and Mathewes 
1978; Van Geel et al. 1980; Hall 1984; Birks 1993; Hughes et al. 2000). Investigations 
of Holocene climatic change have most successfully been applied to peat bogs such as 
the analysis of Bolton Fell Moss where bog surface responses were correlated with 
climatic fluctuations (Barber 1981; Barber et al. 1994). In a recent investigation of 
sediments at Walland Marsh, Kent, ombrotrophic peat growth has been attributed to 
increasing precipitation at approximately 2700BP, the boundary of the Sub-Boreal/Sub- 
Atlantic transition (Waller et al. 1999). The investigators noted that fen woodland 
development could only be adequately investigated through the detailed analysis of 
macrofossil data, highlighting the deficiencies in current approaches to macrofossil 
analysis in coastal margins. 
2.5 The archaeology of alluvium 
2.5.1 Alluvium as an archaeological resource 
Archaeological finds have been recovered from lowland wetlands, including alluvium, for 
over a century (see Bates and Barham 1995); however, its full archaeological 
significance has only been recognised in recent decades (e. g. Needham and Macklin 
1992), partly through the work of several research projects. These include the Severn 
Estuary and Somerset Levels (Coles 1987; Bell and Neumann 1997); Fenland (Waller 
1994); Humber Wetlands (Van de Noort and Davies 1993); North-West wetlands and 
coast (Cowell and Innes 1994; Huddart et al. 1999); Thames Archaeological Survey (in 
Milne et al. 1997); and Essex Rivers projects (Wilkinson and Murphy 1995), as well as a 
variety of other excavations (e. g. Allen et al. 1997; Cowie and Eastman 1997a and b). 
The archaeological importance of alluvium can be summarised as follows: 
I. Preservation of materials. Anoxic conditions caused by waterlogging provide suitable 
conditions for the preservation of organic materials, such as wood, leather and cloth, 
that usually decay. 
H. Local context. Archaeological sites and artefacts are often preserved alongside the 
remains of the environments in which they were used, providing the potential for 
detailed reconstructions of the context of human activity that is impossible on many 
dryland sites. 
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III. Catchment and regional-scale information. Alluvium incorporates fossils from non- 
local as well as local habitats that provide a basis for the reconstruction of vegetation 
(e. g. Grieg 1992) and human effects on terrestrial landscapes (e. g. Fairbairn 1998). 
IV. Extinct landscapes. Alluvium preserves some former wetland landscapes in situ, 
providing the only direct source for understanding landscapes that are extinct or 
greatly altered as a result of drainage and land reclamation. These landscapes are not 
only unique in biological and geological terms, but also archaeologically, as in the 
Severn Estuary Levels, where landscapes distinct from adjacent terrestrial landscapes 
and those of the Somerset Levels have been uncovered (Bell Neumann 1997). 
V. Burial of terrestrial landscapes. Alluvium has sealed former terrestrial landscapes 
along many rivers preserving sites and artefacts in sitzt. These include Mesolithic flint 
spreads (Jacobi 1982; Lambrick and Robinson 1988; Wilkinson and Murphy 1995); 
Neolithic occupation sites (Murphy 1988; Greig 1992a); Iron Age herding structures 
(Bell 1993; Bell and Neumann 1997); ceramic manufactories (Evans 1953) and entire 
suites of multi-phase sites (Allen et al. 1997; Bell and Neumann 1997). 
Ironically, alluvium also provides as many problems for the archaeologist as potential. 
The main problem is the limited visibility of archaeological sites and structures which, 
combined with high water-tables, can make identification and excavation of 
archaeological horizons and features difficult (Barham and Bates 1995; Allen et al. 1997; 
Bates and Bates 2000). These problems are at their most extreme in the deep stratified 
seidments of the Lower Thames, although a variety of coring and monitoring strategies 
have been used to circumvent the problem, with some success (Milne et al. 1997; Bates 
and Bates 2000). Furthermore, the management of the archaeological and 
palaeoenvironmental resource in alluviated areas is complex. Many hold nature reserves 
of endangered biota and straddle the edges of important communications routes. 
Therefore, access to the alluvial environments is controlled by multiple authorities with 
statutory powers of control, including nature conservancy bodies (e. g. English Nature) 
and Port authorities (e. g. the Port of London Authority) (see Milne et al. 1997). 
2.5.2 Preserved sites, artefacts and structures 
Several classes of archaeological sites and artefacts are preserved in alluvium: 
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I. Settlements and domestic structures. Permanent settlements in alluvial wetlands are 
rare, bu, have provided detailed insights into past societies as a result of the 
preservation of organic materials. Examples from Europe include the Iron age wurten 
of the northern European coast and Mesolithic settlements in Germany and Denmark 
(Andersen 1987; Gramsch 1991). In Britain, the Meare and Glastonbury `Lake 
villages', built in a freshwater lagoon, preserved a similar range of artefacts and 
environmental data (Bullied and Gray 1911,1917,1949; Coles and Minnitt 1995). 
Settlements were more commonly situated at wetland margins preserved by later 
alluvial deposition, as for example at Starr Carr (Mellars and Dark 1998), the Essex 
estuaries (Wilkinson and Murphy 1995), the Severn Levels (Bell and Neumann 1997), 
and Runneymede (Needham 1991). 
II. Trackways and Causeways. Wooden trackways have been found in several alluviated 
areas in Britain and across Europe demonstrating the presence and maintenance of 
communication routes through wetlands from the Neolithic to the Iron Age. Many 
have been found in the Somerset Levels over the last fifty years (Clapham and 
Godwin 1949; Coles 1987) and more recently in the nearby Gwent Levels (Bell 
1997). Similar structures have recently been excavated in the Lower floodplain of the 
Thames river (Meddens 1996) at Rainham (Meddens and Beasley 1990), Beckton 
(Meddens 1993), Barking (Chew 1994), Bramcote Green (Thomas and Rackham 
1996) and Erith Q. Sidell pers. com. ). 
III. Platforms and Enclosures. Enclosures, platforms and post-settings have been 
excavated in several sites, including Flag Fen, Etton causewayed enclosure (Pryor 
1998) and Yarnton on the Middle where a Later Neolithic excarnation enclosure was 
found on a former island (Tim Allen pers. com. ). 
IV. Boats and jetties. Alluvium has preserved many boats and jetties such as the famous 
sequence on the Humber (McGrail 1981) and the recently excavated Bronze-Age 
sewn plank boat at Dover. Prehistoric jetties are known from the Thames at Yarnton 
(T. Allen pers. com. ) and on the Severn (Bell and Neumann 1997). More substantial 
structures are known from the Roman (Yule 1988) and Post-Medieval periods (Cowie 
and Eastman 1997b). 
V. Human remains. Most human remains in alluvium are isolated bones, such as the 
skulls and long-bones frequently recovered from the Thames, possibly deposited 
during burial or other rites (Needham 1987; Parker-Pearson 1993). 
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VI. Remains of extractive industries. Remains of extractive industries, such as fishing 
and salt-making, are found along many river valleys and estuaries. Fishtraps dating 
from Saxon times are known along the Thames (Cowie and Eastman 1997a), among 
other rivers (e. g. Gobold and Turner 1994), and salterns have been found in several 
lowland basins (Swinnerton 1931; Wilkinson and Murphy 1995). 
VII. Artefacts. Artefacts are preserved in alluvium both as stray finds and in association 
with structures. They include oars, flint scatters, bronze objects (Needham 1987), 
wooden figurines (Coles 1990) and even agricultural equipment (Tim Allen pers. 
com. ). 
VIII. Modified trees. Waterlogged remains of managed trees from the Neolithic have 
been preserved as at Skipsea Withow Mere (Gilbertson 1984) and Etton causewayed 
enclosure (Pryor 1998), providing important evidence for the antiquity of woodland 
management. 
2.5.3 Rivers, floodplains, estuaries and saltmarshes in the human past 
Whether directly utilised, or simply present at the margins of dry-land, wetlands have had 
a place in human experience through the Holocene for: 
A) Settlement. Settlements were rarely sited on active floodplains and marshes and were 
more placed near the wetland edge, opening the resources of wetland, aquatic and 
terrestrial resources to inhabitants and providing good communications routes. In 
recent centuries infilling of floodplains has occurred widely in urban centres on river 
margins as, for example, in Southwark, London, where Post-Medieval land 
reclamation buried the former landscape of wetlands and sand eyots (Yule 1988). 
B) Resource extraction. Wetlands are particularly rich ecosystems providing animal, 
plant and mineral resources. Management of reedbeds may have been as early as the 
Mesolithic at Starr Carr, Yorkshire Q. Hather 1998; see also Brown 1986) and wet 
woodland management is known from the Neolithic onwards (Gilbertson 1984). In 
recent centuries, management of alder in East Anglia fuelled industry, and reed beds 
were intensively managed for roofing. Wetland animal resources, including birds and 
fish have also been exploited (e. g. Coles and Minnitt 1995). Grazing of animals on 
natural wet pastures and saltmarshes has a long history, although in recent centuries it 
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has become more common to graze animals on drained marshes. Salt extraction is 
known from the Roman period onwards. 
C) Communications routes and boundaries. Trackways, boats, jetties and oars, as well 
as historical texts record the use of rivers and estuaries as trade and communications 
routes for millennia. The exchange and spread of different suites of material culture 
would have been facilitated by such movement; therefore, we can situate rivers and 
estuaries centrally in processes of spread. Rivers also provide natural boundaries that 
have been adopted as social boundaries in many areas. The Thames for example has 
been a boundary since at least the Iron Age (Allen et al. 1997). 
D)Social and ritual activities. Rivers and wetlands had an explicit social and ritual 
significance in prehistory. The deposition of numerous bronze artefacts and bodies 
into the Thames during the Bronze Age (e. g. Allen et al. 1997) has been used to 
suggest that it was an important place of burial (Parker Pearson 1993), a tradition that 
may have started in the Later Neolithic, as attested by the Yarnton mortuary 
enclosure (Tim Allen pers. com. ). Trackways and jetties may have facilitated 
movement through and to the wetlands for burials and the delivery of offerings, as 
well as being used for resource extraction and communications. These records, and 
later evidence from proto-historic sources (Green 1992), suggest that alluvial 
environments had utilitarian and social significance simultaneously for prehistoric 
communities and that functionalist interpretations are inadequate if their place in the 
human past is to be accurately reconstructed (cf. Allen et al. 1997; Milne et al. 1997). 
2.5.4 Human-wetland interactions in the Lower Thames 
Sea-level, climatic and vegetation changes over the Holocene have constantly affected 
the distribution, characteristics and potential of alluvial systems for human exploitation, 
just as human action has affected alluvial systems themselves. The study of human 
behaviour and alluvial environmental change is, therefore, intimately linked, although this 
should not imply a deterministic relationship. 
Glacial retreat at the end of the Devensian led to rapid inundation of the North 
Sea Plain, or `Doggerland' (Coles 1998), and continued through the early Holocene, 
eventually filling the Strait of Dover by ca 8000BP (Bridgland 1995). Tidal incursion 
into the lower sections of river valleys caused changes in alluvial hydrology, 
sedimentology and ecology until sea-level rise slowed by the mid-Holocene. Mesolithic 
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gatherer-hunter groups may have widely exploited the rich resources available in both the 
terrestrial/wetland ecotone ahead of the tidal advance and the extensive estuaries beyond, 
although continuous changes in alluvial environments must have caused constant re- 
adjustment of subsistence practice and territorial boundaries. Direct evidence for 
Mesolithic exploitation of alluvial environments is sparse but includes several flint 
scatters on the floodplain edge of the Thames (Lambrick and Robinson 1988), Medway 
(Jacobi 1982) and Essex rivers (Wilkinson and Murphy 1995). As with later prehistoric 
and early historical periods, Mesolithic wetland exploitation was extractive, utilising 
natural productivity, and involved minimal disturbance of natural processes. Management 
would have affected vegetation structure if some species (e. g. reed or alder) were tended 
at the expense of others, but there was no intervention in hydrological processes. 
Potential for exploitation and settlement was, however, strongly influenced by 
environmental responses to sea-level change which, judging by stratigraphic changes in 
the region's alluvial sequences, were complex. Tidal inundation may have led to the 
abandonment of the Essex coast by Mesolithic communities (Wilkinson and Murphy 
1995) and floodplain formation in the Middle and Upper Thames during the Bronze Age 
disturbed a wide area (Allen et al. 1997). Widespread peat development between ca 
5000 BP and ca 4000 BP in the region is associated with Neolithic settlement expansion 
onto some floodplains (Wilkinson and Murphy 1995). By the Bronze Age there is also 
evidence of widespread human presence on the floodplain peatlands of the Thames (e. g. 
Meddens 1996; Thomas and Rackham 1996), possibly for resource extraction and 
ceremonial reasons. Romano-British settlement expanded onto the floodplain of the river 
Crouch, Essex, during a later phase of sea-level regression between 1600BP and 1400BP 
Wilkinson and Murphy 1995), an event that also allowed industrial expansion onto the 
marshes of the Lower Medway estuary (Evans 1953). Medieval sea-level rise, however, 
caused abandonment and flooding of these areas (ibid. ). 
Human communities have also exerted direct and indirect influence on river 
systems. Deforestation and arable fanning causes increased runoff, erosion, discharge 
and sediment supply and was a major influence on alluvial systems in the Thames and 
Weald from at least the Bronze Age (Lambrick and Robinson 1984), if not the 
Mesolithic (Burrin and Scaife 1984; Scaife and Burrin 1987; Waller and Hamilton 2000). 
A permanent rise in the water table of the Upper Thames (dated to 3000BP) was 
followed by alluviation from the Iron Age as clearance became more extensive (Lambrick 
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and Robinson 1984). By the end of the Iron Age much of the Lower Thames was cleared 
(Greig 1992b; Thomas and Rackham 1996); however, it is uncertain the extent to which 
human activity affected its tidal environments. 
More direct intervention in alluvial environments in the Lower Thames can be 
dated from the Roman period construction of revetments along the Thames and 
reclamation of parts of Southwark (Yule 1988). Drainage of marshes for grazing 
(`innalte') may also have its beginnings at this time, although this may have been earlier 
(Lambrick and Robinson 1988; Brown 1997). Innage became widespread during the 
Medieval period, recorded from the ninth century on the Medway (Evans 1953) and on 
the Thames by the fourteenth century (Skempton 1995). Late Medieval and post- 
Medieval periods have witnessed considerable increases in settlement expansion, 
industrialisation, drainage, development of river canalisation and construction of tidal 
defences. These innovations led to widespread disturbance of natural sedimentation, 
hydrology and ecosystems leading to the almost total destruction of natural riverine and 
estuarine environments in the region and elsewhere (see Sheail and Wells 1983). River 
valleys today form important hubs of development, floodplains in particular being sites of 
extensive, if flood-prone construction for industrial and residential purposes. 
2.6 Plant macrofossil analysis of alluvial facies: potential and problems 
Plant macrofossils are preserved widely in alluvium, in both clastic and organic facies and 
have contributed to the investigation of many archaeological and environmental issues. 
Most commonly, macrofossils have contributed to investigations via Troels-Smith type 
descriptions acting as a basis for interpretation of the depositional environment. Detailed 
quantitative analyses have mainly used seed and fruit assemblages as a basis for 
vegetation and wider environmental reconstructions. Therefore, alluvial plant macrofossil 
analysis is split between generalised analysis of whole macrofossil assemblages and 
detailed analysis of one constituent element. While this approach provides useful 
information, it does not fully exploit the potential of macrofossil analysis of alluvial 
facies. Detailed analysis of all macrofossil components provides another means of 
analysis that has the potential to provide more accurate vegetation reconstructions and 
descriptors of alluvial depositional environments. 
Concentration of detailed analysis on seeds and fruits is pragmatic but it 
inevitably draws analysis towards those sediments where these remains are well 
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represented, by no means all of the fossil record. As seeds and fruits are not produced 
universally by plants, they also only provide a partial picture of the palaeoflora. Seeds 
and fruits are also commonly transported over substantial distances, unlike most 
vegetative and woody remains; therefore, a holistic macrofossil analysis provides the 
potential for greater spatial detail in vegetation reconstructions. It also provides the 
potential to investigate vegetation in several ways. The usual route to interpretation uses 
the taxa identified in seed and fruit assemblages as a basis for floristic and structural 
interpretations. Utilising different structural groups of macrofossils (e. g. wood, 
vegetative remains) provides the potential for direct structural analysis of vegetation. 
Descriptions of whole plant macrofossil assemblages, beyond Troels-Smith type 
descriptions, also provide the potential for contributing towards more accurate 
identifications of depositional environments. This would be particularly important in 
estuarine facies that in the Lower Thames Basin are composed of structureless fine- 
grained sediments precluding differentiation. Improved determination of depositional 
environment is also important for vegetation reconstructions, considering the complexity 
of alluvial taphonomy, and would improve the resolution of reconstructions of sea-level 
and past river and estuary morphology, information that is crucial for further 
understanding of low-lying wetlands (see Waller et al. 1999,1440). 
Several obstacles prevent applying such an holistic approach to macrofossil 
analysis: 
1) Provision of rigorous, comparable quantified descriptions of heterogenous macrofossil 
assemblages is difficult. 
2) Published identification criteria for stem, leaf and rootlet remains are lacking and it is 
uncertain to what level they are identifiable. 
3) It is unknown how the sampling limitations that constrain deep alluvial investigations 
affect ecological and environmental data produced by macrofossil analysis. 
4) Actualistic studies for many alluvial depositional environments from temperate 
ecosystems are lacking and those available often miss out vegetative and woody 
macrofossils; therefore, the spatial and temporal fidelity of macrofossil assemblages in 
these environments is, at best, partially known. 
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3 Laboratory methods 
3.1 Classification 
The plant kingdom contains three major groups of plants: the Algae, Bryophyta (mosses 
and liverworts), and the Tracheophyta (the vascular plants). The latter includes the ferns 
and allied plants (Filicophyta, Lycophyta and Sphenophyta), conifers 
(Gymnospermatophyta) and seed plants (Angiospermatophyta). Structures from 
members of each of the groups are potentially preserved in alluvium. Figure 3.1 shows 
the phylogenetic relationships of the main contributors to macrofossil assemblages in 
British environments. The range of structures and taxa in alluvial macrofossil 
assemblages is, therefore, very broad. As a first step in the production of a dataset from 
a macrofossil assemblage, a macrofossil classification was developed (Table 3.1). This 
was used to divide macrofossil assemblages into broad, structurally equivalent 
`macrofossil classes'. This was necessary because: 
a) It renders a complex and initially bewildering range of macrofossils into logical and 
recognisable groups for practical analysis 
b) It provided groups of structures of similar morphology and, in many cases, anatomy, 
that require similar identification techniques 
c) It provides a basis for comparison of the quantity and diversity of macrofossil 
classes present in samples 
Macrofossils can be divided into several major divisions: aerial structures, 
underground structures, dispersal and reproductive structures and a general division 
(Table 3.1). The moss division has been isolated because of the distinctiveness and 
peculiarity of its structures. Therefore, the non-moss divisions include structures 
primarily from the Tracheophyta, the ecological dominants and the main contributors of 
macrofossils to alluvial sediments and the most morphologically and anatomically 
diverse plant group. The divisions include macrofossil classes that are structurally 
coherent groups of broad potential taxonomic inclusion, such as `aerial stems', rootlets 
and various reproductive and attendant structures. The plant components included in 
each group are shown on Table 3.1 and are discussed below. Some component groups 
have been defined within the classes to denote easily distinguished plant structural 
groups (e. g. Moncotyledonae type structures) that may have ecological or structural 
significance. The classes also contain macrofossils that are treated in a similar analytical 
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Macrofossil 
division 
Macrofossil class Plant component Source plant taxa 
Moss Moss Moss plants Bryophyta 
Moss Stems Bryophyta 
Moss leaves Bryophyta 
Moss capsules Bryophyta 
Aerial structures Woody stems Bark Some Dicotyledonae and all Gymnospermatophyta 
Twigs Some Dicotyledonae and all Gymnospermatophyta 
Branch sections Some Dicotyledonae and all Gymnospermatophyta 
Non woody aerial stems Monocotyledonae type Moncotyledonae 
Sphenophyte type Sphennophyta 
Dicotyledonae type Dicotyledonae 
Buds and bud-scales Buds Woody Dicotyledonae and Gymnospermatophyta 
Bud scales Woody Dicotyledonae and Gymnospermatophyta 
Leaves Monocot type leaves Monocotyledonae and a few Dicoytledonae 
Reticulate leaves Dicotyledonae and few Monocutyledonae 
Needle leaves Gymnospermophyta and some Dicotyledonae 
Rachis Filicales 
Petioles Some Dicotyledonae 
Abscission surfaces Some Dicotyledonae 
Other Stipules Some Dicotyledonae 
Thorns Some Dicotyledonae 
Prickles Some Dicotyledonae 
Scales Filicophyta and some Angiospermatophyta 
Underground 
structures 
Non-woody underground 
stems 
Rhizomes and similar 
structures 
All Tracheophyta 
Underground Monocot 
type stems 
bioncotyledonae 
Roots Rootlels All Tracheophyta 
Woody roots Some Dicotyledonae and all Gynmospermatophyta 
Dispersal and 
reproduction 
Spores and sporangia Sporangia Filicophyta 
Oospores Charophyta 
Megaspores Lycophyta 
Indusia Some Filicales 
Seeds and fruits Indehiscent Seeds/Fruits Gymnosperniatophyta and Angiosperntatophyta 
Dehiscent Fruit fragments Angiospermatophyta 
Bracts and similar 
structures 
Gymnospermatophyta and Angiospermatophyta 
General Tissues Epidermis and cuticle All Tracheophyta 
Vascular strands All Tracheophyta 
Wood fragments Some Dicotyledonae and all Gymnospermatophyta 
Unidentifiable vegetative 
tissue 
All Tracheophyta 
Indeterminate Unidentifiable organic 
matter (UOM) 
All taxa 
Table 3.1 Plant macrofossil groups and source plant taxa 
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manner, providing a basis for determining the extent of coverage of published 
identification criteria (see section 3.2). Some of the terminology uses `types' to denote a 
morphological class that is usually dominated by one taxon but may include some 
others. 
3.1.1 Moss and liverwort (Bryophyta) macrofossils 
Simple Bryophyta have a multi-layered thallus, although identification is unlikely if the 
structure is fragmented because they lack stomata and complex epidermal structures. 
Only whole plant sections or large fragments are likely to be identified. The more 
ecologically important leafy Bryophyta are distinctive, having morphologically and 
anatomically distinguishable leaves, stems, gametangia and capsules. The stems are 
simple, undifferentiated, small (<2mm width in most cases) and have leaf insertion 
points lacking in the distinctive leaf traces and abscission surfaces seen in the 
Tracheophyta. The leaves have no differentiated epidermis, mesopyhll or vascular 
tissues and the lamina consists of a single layer of cells. Leaf cells are conspicuous, 
even under low-powered microscopy, the arrangement often varying across the leaf 
surface. A central rib and marginal serrations are present in many taxa. Sphagnopsida 
leaves have a distinctive structure. The capsules consist of a cylindrical structure carried 
on a stem-like structure (seta) with distinctive aperture morphology. All potential 
macrofossils from the leafy Bryophyta are unique in form and whole sections, denuded 
stems, leaves and capsules are commonly preserved in alluvium. 
3.1.2 Aerial structures 
This division includes stem and leaf structures that are positioned above the ground 
surface and are primarily concerned with support and photosynthesis. 
3.1.2.1 Woody stems 
This category includes the perennial woody stems of trees and shrubs, including the 
trunks, branches and twigs of trees and shrubs, and the woody stems of chaemophytes 
such as Sarcocornia perennis. The structures consist of an elongated axis composed of 
wood (see below) with an outer covering of bark. Bark is a toughened, dense, multiple 
layered structure, although the bark on waterlogged specimens often loses the phellogen 
and phelloderm, because of differential decay, and becomes a loose sac of phellum 
around the wood. Detached fragments are common and often retain the reflective outer 
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coating seen on live trees and shrubs. This and the less regular, very dense cellular 
structure allows easy separation from wood. Tree-trunks and large branches form 
important and recognisable elements of peat-beds. Smaller woody stem structures, such 
as twigs and small shoot axes, often retain the traces of nodes and abscission surfaces. 
Moderate sized branches, if denuded of bark, may be confused with woody roots. 
3.1.2.2 Non-woody aerial stems 
Fossils in this group consist of an elongated axis of vegetative tissue surrounded by an 
epidermis or non-woody periderm. Longitudinal grooves, veins or nodes may also be 
apparent. It includes stems from all of the main Tracheophyta Divisions. Many aerial 
stems, especially in the Monocotyledonae, retain stomata on the epidermis, have 
recognisable leaf traces and lack rootlet growth. Stems have steles composed of 
multiple vascular strands, distinguishing them from herbaceous roots that have a single 
stele. 
Two main sub-groups of stem-types can be distinguished. The Monocotyledonae 
type are often cylindrical with obvious parallel longitudinal veins or grooves, highly 
regular longitudinally arranged rectangular epidermal cells, and nodes that run around 
the circumference of the stem, where present. The Sphenophyta type is similar to the 
Monocotyledonae type, having hollow cylindrical stems and regular longitudinal files of 
cells. Longitudinal ridges are well developed in this group and the characteristic leaf 
sheaths, ridged branchlets or distinctive stomata should allow easy differentiation from 
similar types. The Dicotyledonae type is difficult to generalise but has no obvious 
parallel venation, a variety of cross-sectional shapes, conspicuous crescent or oval 
nodes and a variety of epidermal types. Differential decay of the unstrengthened cortex 
in non-woody stems can reduce the axis to a loose epidermal sac surrounding the stele. 
3.1.2.3 Buds and Bud scales 
Bud-scales are leaf-like scales protecting the leaf meristems in Gymnospermophyta and 
Angiospermophyta taxa and are especially toughened in trees and shrubs. Individual 
scales are thicker than equivalent sized leaves. They also have a broad basal attachment 
scar and a variety of surface features, venation patterns and marginal forms. They are 
found individually or as whole buds and are potentially important macrofossils of tree 
and shrub species. 
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3.1.2.4 Leaves 
Tracheophyta leaves are preserved whole, or more usually fragmented. Unlike the 
simple, undifferentiated leaves of the Bryophyta, those of the Tracheophyta are complex 
structures with differentiation into mesophyll, vascular bundles and epidermis, all 
commonly surviving in waterlogged alluvium. 
Several leaf sub-groups are distinguishable. Filicales leaves consist of laminar 
structures with dichotomously branching veins, complex epidermis and a highly 
dissected form. The leaves are sub-divided into ranks of `leaflets' termed pinnae and 
pinnules, depending on the degree of dissection. Needle leaves are elongated cylindrical 
structures with a thick waxy cuticle and usually only a single vein apparent. The group 
includes the leaves of the Gymnospermophyta and some Dicotyledonae groups 
including the heathers (Ericaceae). 
Most leaves of the Angiospermatophyta are included in the final two sub-groups. 
The reticulate type includes laminar leaves with a net-like venation pattern and complex 
epidermis. This type derives almost exclusively from the Dicotyledonae, although some 
Monocotyledonae (e. g. Sagittaria sp. ) and Filicophyta (e. g. Ophioglossum sp. ) may be 
superficially similar. Monoctyledonae type leaves have longitudinally parallel veins and 
a regular patterned epidermis. Most taxa in this group are Monocotyledonae, although 
some Dicotyledonae taxa are superficially similar (e. g. Plansago sp. ). 
Other leaf elements may form potential macrofossils. Filicales pinnule and 
pinnae segments are held by a stem-like structure, the rachis. This is difficult to 
distinguish using gross morphology, unless leaflets are attached and may, without 
anatomical inspection be included erroneously in the stem class. Petioles are the leaf 
stalks of the Angiospermatophyta. They are often preserved attached to leaves, but are 
also preserved detached. They consist of an elongated axis of cortex, vasculature and 
epidermis that has a well-defined abscission surface at the proximal end. Abscission 
surfaces are a thickened pad of tissue that seals the leaf attachment point when leaves 
are shed from a plant. They are preserved on petioles and as detached individual 
macrofossils of semi-circular or crescent shape through which the remains of leaf veins 
protrude. The morphology and number of vascular strands is potentially diagnostic. 
3.1.2.5 Other 
Several other plant structures are potentially preserved in alluvium. Only the most 
common have been defined here. 
85 
3.1.2.5.1 Stipules 
Stipules are small leaf-like structures found at the base of, and often continuous with, 
leaves in many Dicotyledonae taxa. Some (e. g. those of Salix spp. ) are commonly 
preserved in alluvium and may be identified on the basis of morphology. 
3.1.2.5.2 Thorns 
Thorns are short, narrowly lanceolate, pointed wooden structures developed from a 
modified branch as seen, for example, in Prunus spinosa. They have a thin periderm, 
often several nodes along the surface and are woody. 
3.1.2. S. 3 Prickles 
Prickles are thickened epidermal outgrowths usually with a broad, elliptical base and 
curved point, as seen on the stem and leaf surface of taxa such as Rosa spp. (rose) and 
Rubus fruticosus agg. (bramble). They may survive as discrete structures or on stem 
sections. 
3.1.2.5.4 Scales 
This group contains a diverse range of vegetative structures attached to aerial and 
underground stems and especially rachis sections in the Filicophyta, although they are 
unlikely to be preserved in a distinguishable form. 
3.1.3 Underground structures 
This division includes the subterranean structures primarily functioning as support, 
anchorage, in water and mineral absorption and vegetative reproduction. 
3.1.3.1 Non-woody underground stems 
Non-woody underground stem structures include rhizomes, corms and tubers and 
horizontal structures, such as stolons, that are at the ground surface. These structures 
have the form of an elongated axis with nodes, roots and often leaf-like scales at the 
nodes, especially in the Moncotyledonae. The epidermis or periderm lacks stomata. 
Two sub-groups have been defined for these structures: 
86 
1) The Monocotyledonae type has nodes that extend around the whole circumference 
of the stem, may have obvious parallel longitudinal veins or ridges and often bear 
scale leaves or scale-leaf scars. 
2) A generalised `rhizome and other group' includes similar structures, lacking the 
parallel venation of the above group and in general being less-regular. 
3.1.3.2 Rootlets 
Non-woody rootlets are often preserved in abundance in waterlogged sediments. Decay 
and compression usually removes the cortex and collapses the structure. Fossils are, 
therefore, reduced to an elongated epidermal sac, with or without the swollen apical 
root-cap, surrounding a dark, wire-like single stele. The discrete, single-stranded stele 
distinguishes larger roots from underground stem structures. Stomata and trichomes 
(modified hairs) are absent from the epidermis, although many taxa have root hairs or 
`cube-like' projections visible using low-powered microscopy. Large storage roots are 
unlikely to be preserved whole in waterlogged conditions as the cortex is likely to decay 
and the peridermal sac and vascular core is unlikely to stay intact. Woody roots are 
often preserved in waterlogged sediments and are produced by trees and shrubs. Woody 
roots lack the nodes and abscission surfaces of woody stems. 
3.1.4 Dispersal and reproductive structures 
This division includes the structures used in sexual reproduction and the dispersal of 
embryos, and also some of the more advanced spore-producing organs, spores and the 
attendant structures such as bracts. The combination of seeds, fruits and spores is 
artificial, but convenient as they have a similar form. 
3.1.4.1 Spores and sporangia 
Large visible spores are produced by a small number of the lower-vascular plants and 
the complex algae. They are used to disperse the gametophytes in taxa with alternating 
generations. They are produced in structures called sporangia that are more commonly 
preserved in macrofossil assemblages. Large, spirally ridged, seed-like oospores are 
produced by the alga Characeae, members of the Charales order (Figure 3.1), and are 
common in alluvial macrofossil assemblages. Megaspores are produced by several of 
the Lycophyta, including Selaginella spp. and Isoetes spp.. These spheroid structures 
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are visible to the naked eye (ca 0.5mm diameter) and are important for species 
identification (see Stace 1991). 
Characteristic sporangia are produced by several taxa. Those of the Filicophyta 
are among the most commonly preserved in alluvium, especially those of Osmunda 
spp., and the indistinguishable sporangia of other Filicales taxa. The Sphenophyta have 
characteristic compound strobili consisting of many structures called sporangiophores (a 
type of sporangia). Lycophyta sporangia are leaf-like structures called sporophylls that 
are again carried in compound cone-like structures. Leaf-like indusia are also produced 
in the Filicophyta. These are vegetative covers that protect the sporangia and are often 
detached in taxa such as Dryopteris, being commonly preserved in some alluvium. 
3.1.4.2 Seeds and fruits 
3.1.4 2.1 Seeds and similar structures 
Seeds develop from the fertilised ovule in the Gymnospermophyta and 
Angiospermophyta and vary widely in size and form. All, however, have a toughened 
outer layer of cells and contain a single embryonic plant. Fruit structures are derived 
from the carpel that surrounds the ovule in the Angispermophyta and often contain 
multiple seeds. They include indehiscent fruit structures that fuse to the seed (i. e. 
Ranunculaceae achenes) that are recognisable as discrete, individual structures, usually 
with a toughened exterior and often elaborate sculpting. This group contains structures 
with a huge range of morphological variability. Dehiscent fruit structures act as a 
container or dispersal mechanism and release the seeds when ripe, such as the legume 
pod of the Fabaceae. Fragments of these structures may also be found in sediments. 
3.1.4.2.2 Bracts and similar structures 
A number of structures are derived from modified leaves and are associated with seed 
and fruit production in the Angiospermatophyta and Gymnospermatophyta. These 
include the bract-scales of the Gymnospermatophyta, as well as the bracts, scales and 
perianth segments of the Angiospermophyta. Most are small leaf-like structures with 
obvious veins. Perianth segments (petals and sepals) are unlikely to be preserved 
detached in waterlogged alluvial sediments, although bracts and scales are commonly 
found. 
88 
3.1.5 General 
This division includes fossil types that may derive from several of the groups above 
3.1.5.1 Tissues 
3.1.5.1.1 Epidermis and cuticles 
Tracheophyta structures are composed of highly differentiated groups of tissues that 
may become detached from each other as a result of decay processes. Some of the more 
commonly preserved types of tissue includes epidermis and cuticle. Epidermis is a 
compound structure consisting of toughened cells and a waxy cuticle that forms the 
outermost covering of the plant body. Cuticle may become detached and often preserves 
anatomical and morphological features, especially when well developed, as in the leaves 
of holly (Ilex aquifolium). Epidermal and cuticle macrofossils derive from a potentially 
wide range of primary plant structures including stems, leaves and roots. 
3.1.5.1.2 Vascular strands 
Individual vascular strands, or more properly steles, are often preserved in macrofossil 
assemblages, especially those of roots that have a highly thickened endodermis. They 
are distinguishable as `wire-like' narrow, elongated cylindrical structures with a dark, 
toughened surface (the endodermis) and derive from many Tracheophyta, especially the 
Angiospermatophyta. 
3.1.5.1.3 Wood 
Wood fragments are often preserved and have a characteristic anatomical structure of 
regularly arranged longitudinal and radial cells that are distinctive even when fragments 
are small. Wood potentially derives from both stem and root structures. 
3.1.5.1.4 Unidentifiable vegetative/herbaceous matter 
This group includes fragments of plant tissue that are clearly non-woody, but defy 
higher level classification. 
3.1.5.2 Indeterminate 
Many macrofossils are indeterminate, being fragmented or decayed to a point where 
diagnostic criteria are obliterated. Unidentifiable organic matter (UOM) is a `catch-all' 
group that includes fragments that defy any other classification. 
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3.2 Identification 
Published plant macrofossil identification criteria have been reviewed in section 2.3.2.3. 
This research showed that there were gaps in the range of published identification 
criteria for several macrofossil classes and many taxa important in British alluvial 
macrofossil assemblages, especially: 
1) Non-woody roots; 
2) Tracheophyta leaves including: 
a) Sphenophyta leaf sheaths, 
b) Filicophyta pinnae and pinnules, 
c) Dicotyledonae leaves, 
d) Some Monocotyledonae leaves; 
3) Epidermis and cuticles of many groups, with the exception of some 
Monocotyledonae. 
Research was undertaken to expand the range of macrofossils that could be included 
in alluvial assemblage analysis by: 
a) Compiling morphological and anatomical information from the literature; 
b) Preparing and describing reference specimens for selected taxa. 
This section presents the results of that research. 
3.2.1 Selected Taxa 
From the outset it was realised that the description of the leaves, epidermis and 
roots of all the taxa that potentially grow in British alluvial habitats could not be 
achieved in a project of this size. A reduced number of the most abundant and dominant 
taxa in British alluvial habitats was selected for inclusion in the research, mainly on the 
basis of ecological accounts and fieldwork experience. Other important ecological taxa 
that may grow adjacent to alluvial habitats were added to this list, as were some to allow 
intra- and inter-family and genus comparison. The aim was not to provide a 
comprehensive account of the potential macrofossils in the above classes, but rather to 
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Division Fami1 Species Structure Identified 
Sphenophyta Equisetaceae Equisetum arvense Epidermis 
Equisetum fluvianle Epidermis and root 
Equisetum variegatum Epidermis 
Filicophyta Ophioglossaceae Ophioglossum vulgatum Pinnac 
Osmundaceae Osmunda regalis Pinnae and root 
Hymenophyllaceae Hymenophyllum tunbridgense Pinnae 
Polypodiaceae Polypodium interjectum Pinnae 
Polypodium cambricum Pinnae 
D nnstaedtiaceae Pteridium aquihnum Pinnae 
Thelypteridaceae Oreopteris limbosperma Pinnae 
Thelypteris palustris Pinnae and root 
Aspleniaceae Asplenium trichomanes Pinnae 
Asplenium marinum Pinnac 
Asplenium ceterach Pinnae 
Asplenium ruta-muraria Pinnae 
Woodsiaceae Athyrium felix femina Pinnae 
Dryopteridaceae Polystichum setiferum Pinnae 
Dryopteris dilitata Pinnae and root 
Dryopteris felix-mas Pinnae 
Blechnaceae Blechnum spicant Pinnae 
Dicotyledonae Ranunculaceae Anemone nemorosa Leaf 
Calthapalustris Leaf 
Clematis vitalba Leaf 
Ranunculus acris Leaf 
Ranunculus frcaria Leaf 
Ranunculusfiammula Leaf 
Ranunculus repens Leaf 
Ranunculus sceleratus Leaf 
Ranunculus sub-genus Batrachium Leaf 
Papaveraceae Glaucium favum Leaf 
Ulmaceae Ulmus glabra Leaf 
Cannabaceae Humulus lupulus Leaf 
Ucticaceae Urtica dioica Leaf and root 
Myricaceae Myrica gale Leaf 
Fagaceae Fagus syIvatica Leaf 
Quercus petraea Leaf 
Quercus rohur Leaf 
Betulaceae Alnus glutinosa Leaf 
Betula pendula Leaf 
Carpmus betulus Leaf 
Corylus avellana Leaf 
Chenopodiaceae Atriplex portulacoldes Leaf and root 
Atriplexprostrata Leaf 
Sahcornia europaea agg. Leaf and root 
Sarcocornia perennis Leaf and root 
Suaeda maritima Leaf and root 
Caryophyllaceae Cerastiumfontanum Leaf 
Spergularia media Leaf 
Stellaria media Leaf 
Polygonaceae Persicaria hydropiper Leaf 
Persicaria tnaculosa Leaf and root 
Rumex acetosella Leaf 
Rumex hydrolapathum Leaf 
Plumbaginaceae Limonium sp. Leaf and root 
Tiliaceae Tilia cordata Leaf 
Malvaceae Althaea officinalis Leaf 
Violaceae Viola sp. Leaf 
Salicaceae Populus nigra leaf 
Populus tremula Leaf 
Salix cinerea Leaf 
Brassicaceae Cardamine sp. Leaf 
Cochlearia anglica Leaf 
Rorippa islandiea Leaf 
Primulaceae Lysimachia vulgaris Leaf and root 
Rosaceae Crataegus monogyna Leaf 
Filipendula vulgaris Leaf 
Geum rtvale Leaf 
Potentilla erecta Leaf 
Prunus spinosa Leaf 
Table 3.2 Taxa and structures included in the identification work 
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Division Family Species Structure identified 
Dicotyledonae (cons) Rosaceae (cont. ) Rosa sp. Leaf 
Rubusfruticosus agg. Leaf 
Sorbus aucuparia Leaf 
Fabaceae Lothyrus palustris Leaf 
Lotus uliginosus Leaf 
Haloragaceae Myriophyllum spicatum Root 
Lythraceae Lythrum salicaria Leaf and root 
Onagiaceae Eprlobium hirsutum Leaf and root 
Cornaceae Cornus sanguinea Leaf 
Rhamnaceae Rhamnus cathartica Leaf 
Aceraceae Acer campestre Leaf 
Araliaceae Hedera helix Leaf 
Apiaceae Apium graveolens Leaf 
Apium nodiJlorum Leaf 
Hydroctyle vulgaris Leaf 
Peucedanum palustre Leaf 
Solananceae Solanum dulcamara Root 
Convolvulaceae Calystegiasepium Leaf and root 
Menyanthaceae Menyanthes trifokata Leaf and root 
Boraginaceae Myosotis scorpioides Leaf and root 
Veronica beccabunga Leaf and root 
Lamiaceae Lamium album Leaf 
Lycopus europaeus Leaf and root 
Stachys palustris Leaf and root 
Plantaginaceae Plantago coronopus Leaf 
Plantago maritima Leaf and root 
Oleaceae Fraxinus excelsior Leaf 
Scrophulariaceae Scrophularia nodosa Leaf 
Rubiaceae Galium palustre Leaf and root 
Galium odoratum Leaf 
Caprifoliaceae Lonicera periclymenum Leaf 
Sambucus nigra Leaf 
Viburnum opulus Leaf 
Asteraceae Artemisia maritima Leaf 
Aster tripolium Root 
Bidens cernua Leaf 
Cirsiumpalustre Leaf and root 
Eupatorium cannabinum Leaf 
Moncotyledonae Butomaceae Butomus umbellatus Leaf and epidermis 
Alismataceae Alisma plantago-aquatica Leaf and root 
Sagittaria sagittifolia Leaf 
Hydrocharitaeeae Hydrocharts morsus-ranae Leaf 
Juncaginaceae Triglochin maritimum Leaf and root 
Potamogetonaceae Potamogeton lucens Leaf 
Juncaceae Juncus acutilorus Root 
Juncus acutus Leaf and epidermis 
Juncus effusus Root 
Juncus gerardd Root 
Luzula sp. Leaf, epidermis and root 
Cyperaceae Bolboschoenus maritimus Leaf, epidermis and root 
Carer riparla Leaf, epidermis and root 
Carer remota Leaf 
Cladium mariscus Leaf and epidermis 
Eleocharis palustris Leaf, epidermis and root 
Schoenus nigricans Leaf 
Scirpus lacustris Leaf, epidermis and root 
Poaceae Elytrigia repens Root 
Glyceria maxima Root 
Phalaris arundinacea Leaf and Root 
Phragmites oustralis Leaf and Root 
Puccinellia tnaritima Root 
Sparganiaceae Sparganium erectum Leaf, epidermis and root 
Typhaceae Typha angushfolia Leaf, epidermis and root 
Typha latifolia Root 
Iridaoeae Iris pseudacorus Leaf, epidermis and root 
Table 3.2 (cont. ) Taxa and structures included in the identification work 
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provide a working reference collection with an acceptable level of taxonomic coverage. 
All major Genera, Families, Orders and Sub-Classes were included. 
The taxa and elements of those taxa included in this research are shown in Table 
3.2. Leaves and epidermis were included from both sub-genera of the Sphenophyta and 
all major Filicophyta families and wetland taxa found in lowland Britain. The 
Dicotyledonae species were restricted to taxa with thickened leaves that were more 
likely to be preserved in alluvial sediments, especially arboreal dominant species, and 
important herbs repeatedly recorded during fieldwork. The leaf and epidermal 
characteristics of many of the important Monocotyledonae have been published 
elsewhere (e. g. Gross-Braukmann 1976) and only a limited number of taxa were 
included to improve this author's familiarity with them. Gymnospermatophyta leaves, 
those of the Lycophyta and some Dicotyledonae taxa (e. g. Nymphaceae) were not 
included as they were adequately covered elsewhere (see section 2.3.2.3). 
Rootlets were analysed from only 34 taxa. It was quickly established that there 
was limited variability in the surface morphology of the taxa (see below). The research 
was, therefore, limited to verifying and extending where possible existing published 
work on the subject (e. g. Katz et al. 1969,1974). 
3.2.2 Reference specimen preparation 
3.2.21 Specimen collection and pre-treatment 
Leaves, stems and roots were collected during fieldwork visits with permission from the 
management authorities at each site. Leaves were collected whole and complete sections 
of root systems were gathered where possible. Leaves and non-succulent stems were 
pressed at the time of collection. Succulent stems, leaves and roots were sealed in 
plastic bags in the field and preserved later in formalin, acetic acid, alcohol (FAA) 
solution (Berlyn and Miksche 1976). Additional specimens were supplied by the 
collections of the Institute of Archaeology. 
Only undamaged leaves and root sections were used as reference specimens. 
Whole leaf-mount reference slides were made where possible, although in some cases 
especially large specimens (e. g. Nuphar lutea) were sampled. Samples included basal 
and main lamina sections, main ranks of veins and leaf margins. Samples of root were 
used from the root apex (e. g. including root cap) and mid-section of each rootlet. Entire 
pinnae were prepared where possible from the Filicophyta. Central leaf and stem 
sections were mounted from the stems and leaves of the Monocotyledonae and 
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Sphenophyta and cylindrical structures were bisected longitudinally before treatment 
(i. e. Juncus spp. leaves). 
Structures preserved in FAA were rinsed in several washes of 50% industrial 
methylated spirits (IMS) before further processing took place. Dried leaves from the 
herbarium were rehydrated before use. Several methods were tried. A combined method 
of clearing and rehydration had samples boiled in 5% sodium hydroxide (Loquin and 
Langeron 1978). This was found to cause incomplete rehydration and often destroyed 
delicate structures and tissues before rehydration was complete. A 0.5% solution of cold 
tri-sodium phosphate, used to rehydrate desiccated archaeological remains (Tim Holden 
pers. com. ), was effective, although full rehydration took several days, if not weeks. The 
most effective method was found to be boiling sections of whole structures in distilled 
water. This was rapid, had minimal detrimental effect on the specimens and used a 
cheap and environmentally neutral substance. 
3.2.2.2 Clearing 
Clearing was required before specimen staining and mounting. Many clearing agents 
were recommended in the literature including lactic acid and chromic acid solutions 
(Tomlinson 1984). Lactic acid was rejected after trials with whole specimens showed 
that it was ineffectual unless heated. It, and several other methods, was found to be 
unsafe, and the large number of preparations meant that the method was also 
prohibitively expensive. Chromic acid was rejected as it is highly poisonous and causes 
a major disposal problem. The technique applied involved heating the specimens just 
below 100°C in 5% sodium hydroxide (NaOH) solution until the leaves or other 
specimens became translucent. When this point was reached the specimens were 
removed from the clearing solution and gently rinsed in running water for up to three 
minutes and then rinsed in three changes of distilled water. Boiling during this stage 
was avoided. This method proved to be effective, safe under laboratory conditions, 
relatively inexpensive and used chemicals that were both easily obtained and disposed 
of. 
Preparation of whole leaf mounts required close attention as clearing times 
varied considerably between the different species. Thin leaves, such as those of Lycopus 
europaerrs and Calystegia sepium, required immersion for 2-4 minutes, while thicker 
leaves, such as those of Ulmus glabra could take up to 40 minutes. Similarly, thickened, 
large roots similarly took a longer time to clear, while the cut edges of leaf sections 
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allowed rapid movement of clearing agents into the specimens and decreased clearing 
times. 
After sodium hydroxide treatment, specimens were immersed in a 5% solution 
of sodium hypochlorite (bleach) to complete the clearing process. Over-bleaching was 
avoided as it can cause specimens to become opaque (Johansen 1940). As a rule the 
specimens could be removed before bleaching was fully completed as the process 
continued for several minutes until the bleach was neutralised or rinsed off. Removal of 
the bleach was essential and a particularly difficult task taking up to five changes of 
distilled water after prolonged rinsing. A weak solution of acetic acid was used to 
neutralise the bleach in very large or tough specimens where water percolation was 
slow. After clearing and rinsing the leaves were transferred to a 50% IMS solution until 
required. 
3.2.2.3 Staining and mounting methods 
Mounting and staining methods were used to provide the maximum quantity of 
information for comparison to ancient specimens. The only practical method of 
identification in most cases for waterlogged remains is through plan view identification 
of surfaces via transmitted and epi-illuminating microscopy. Sectioning, with the 
exception of wood and some large thickened stems, is difficult, time-consuming and 
impractical for everyday analysis of rootlets and soft, herbaceous stem fragments. 
Roots were mounted unstained in temporary slides in 50% glycerol after 
clearing and were sealed with nail varnish (Tomlinson 1984). This allowed detailed 
analysis of the surface features on slides that lasted for at least one year and could be 
rehydrated easily if they dried out. Sectioning of multiple root specimens embedded in a 
plastic, metyl-methachlorate, was tested. While it proved possible to obtain useful 
sections, it was expensive and time-consuming and provided only very limited 
information that added little to the identification of any specimens. 
Whole leaves and leaf sections provided a more difficult preparatory task. Leaf 
architecture, form and epidermal anatomy were the main criteria used for identification. 
Initial observation of the proposed identification features in the first cleared specimens 
indicated that many characters would be invisible unless stained. For example, in 
unstained thick specimens the mesophyll diffused light to the point that epidermal 
characters were invisible. The procedure for staining is shown in Figure 3.2. Several 
stains were tried including single-stain preparations of Safranin 0 (e. g. Dilcher 1974), 
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light green, and Delafields Haematoxylin. The most useful method was found to be a 
duel staining technique using Safranin 0 and Delafields Haematoxylin (Theobold et al. 
1979). Safranin preferentially stains lignified tissues in the veins, while the 
Haematoxylin stained the cellulose. Various immersion times were experimented with 
and showed that the results varied with the taxon. On several occasions destaining of the 
Safranin was required or specimens became useless as the Haematoxylin overstained. 
Calcium carbonate was also added to the Haematoxylin to enhance the stain (Johansen 
1940). 
Specimens in 50% Industrial Methylated Spirit (IMS) 
15: 1 water: Safranin 0 stain in 70%IMS 
Rinsed in 70% IMS 
b 
Delafields Haematoxylin with CaCO3 added to enhance stain 
Rinsed in 70% 1MS 
11 
Dehydrated in alcohol series from 70%490%4100% IMS 
Leaves soaked in two changes of xylene 
Mounted in DPX mountant 
Figure 3.2 Staining and mounting procedure 
DPX, a xylene based mountant, was used as a permanent mountant for the 
leaves. Prior to mounting, the leaves were taken through an alcohol series to 100% 
solution and then soaked in two changes of xylene to remove the alcohol. The leaves 
were then mounted in DPX on 1mm and 2mm glass slides, the larger slides for whole 
leaf mounts being cut by hand. Drying times varied widely for the slides as did success 
of slide making. Whole leaf mounts often required the coverslips to be weighed down as 
the leaf-veins forced the coverslip to move, introducing air bubbles to the specimen. In 
many cases air-bubbles could not be stopped from entering the slides. Slides were made 
with both abaxial and adaxial epidermal surfaces uppermost. 
3.2.2.4 Recording methods 
Slides were analysed on a transmitted-light microscope using normal and polarised light 
operating at between 20x and 1000x magnification. Black and white photographs were 
taken using a 35mm camera with a green filter to enhance the contrast. Illustrations 
were also made where useful. Description used standard, published criteria where 
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published and developed them where not, using pro forma sheets. Standard criteria for 
morphological description of roots have not been previously published. Using the 
observations made during this research and general plant morphology texts, the criteria 
in Table 3.3 were isolated. Roots are particularly difficult structures to describe as they 
are very simple with few structural elements. They also vary in size and proportion 
throughout the root system, making criteria based on size useless. The criteria in Table 
3.3 are robust and are based on features that are present or absent, rather than being 
based on sizes, and are, therefore, more suitable for morphological and anatomical 
description (Theobald et al. 1979). 
Character Source 
Leaf Orientation See Hickey 1979 
Organisation See Hickey 1979 
Shape See Hickey 1979 
Texture See Hickey 1979 
Form of leaf Margin See Hickey 1979 
Texture See Hickcy 1979 
Gland Position See Hickey 1979 
Petiole See Ecke 1979 
Venation See Hickey 1979/Pole 1991 
Tooth architecture See Hickey 1979 
StomataI complex Dilcher 1974; Van Cotthem 1970a, 1973 
Stomatal features Dilcher 1974; Van Cotthem 1970a, 1973 
Description of Indumentum (hairs) See Theobald et aL 1979 
Description of individual trichome morphology See Theobald et al. 1979 
Description of trichome anatomy See Theobald et al. 1979 
Description of trichome complement See Theobald et al. 1979 
Epidermis description See Dilcher 1974 
Presence of crystals in meso h "ll or veins 
Table 3.4 Descriptive characters for leaves and epidermis 
The standard criteria for leaf and epidermal features are summarised in Table 
3.4. The terminology for leaf shape, texture, margin form, tooth architecture and petiole 
follows Hickey (1979). Characters Ito VI follow the modified leaf architecture criteria 
of Pole (1991). Initially descriptions of leaf architecture were made using the characters 
summarised in Hickey (1979). This terminology was found to be difficult to apply, very 
subjective and of dubious value for comparative purposes. The major problem was 
defining vein orders, the basis of the whole system. The alternative modified system 
developed by Pole was found to be easier to apply and also of more use for potentially 
fragmented remains as it provides descriptions of segments of the leaf lamina found in 
macrofossil assemblages. Terminology for areolation and veinlet shape was derived 
from Hickey, while an additional feature was added to describe the crystals often found 
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A. Root type a) Branched 
b) Radial unbranched 
B. General appearan ce Verbal description 
C. Epidermal layers 1. Number a) One 
b) State number 
c) Uncertain 
2. Variability a) a) Upper epidermal cells vary in shape 
b) b) Lower epidermal cells vary in shape 
c) Upper epidermal cells vary in size 
d) Lower epidermal cells vary in size 
e) Upper layer cells larger than lower layer 
f) Lower layer cells larger than upper layer 
Cells similar 
D. Epidermal cells 1. Arrangement a) Linear with regular cells 
b) Linear with variable cells 
c) Random 
2. Cell shape a) Rectangular 
b) Square 
c) Isodyametric 
d) Other (describe) 
3. Anticlinal cell wall shape a) Straight 
b) Rounded 
c) Undulate 
4. Endwall shape a) Squared 
b) Rounded 
c) Oblique 
d) Irregular 
5. Cell appearance a) Swollen 
b) Not swollen 
E. Root hairs 1. Root type a) Cylindrical 
b) Flattened 
2. Root hair density a) Absent 
b) Occasional (less than 1: 30 ratio with epidermal cells) 
c) Sparse (between 1: 30 and 1: 15 ratio with epidermal 
cells) 
d) Dense (greater than 1: 15 ratio with epidermal cells) 
3. Cell shape a) As other epidermal cells 
b) Cell differing in shape to background epidermis 
4. Base a) Swollen 
b) Not swollen 
5. Length a) Long (greater than mice rootlet width) 
b) Short ess than twice rootlet width) 
6. Distribution a) Irregular covering 
b) Regular covering 
c) In zones or files 
F. Other features 1. Outgrowths on epidermis a) Absent 
b) Occasional (less than 1: 30 ratio with epidermal cells) 
c) Sparse (between 1: 30 and 1: 15 ratio with epidermal 
cells) 
d) Dense (greater than 1: 15 ratio with epidermal cells) 
2. Other(specify) Specify 
Table 3.3 Descriptive characters for non-woody roots 
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in leaf bundle sheaths. Epidermal cell descriptions follow Dilcher (1974). Trichome 
description follows Theobald et at (1979) and the nomenclature for stomatal 
description uses a combination of schemes (Dilcher 1974; Van Cotthem 1970a, 1973). 
Full descriptions were recorded for the leaves of the Dicotyledonae, Filicophyta and 
broad-leaved Monocotyledonae, while only the epidermis sections were recorded for 
narrow-leafed Monocotyledonae and the Sphenophyta. 
3.2.3 Identification criteria 
3.2.3.1 Rootlets 
Details of the morphology of the roots of the 46 taxa included in the study are shown in 
Appendix 1. Only a limited amount of morphological and anatomical variation was 
recorded for the roots included in the study, perhaps unsurprising considering how 
anatomically and morphologically conservative roots are. Up to three layers of cells 
were recorded in surface view, although in some specimens only the uppermost layer 
was discernible and the number of epidermal layers could not be ascertained. The 
epidermal cell layers often varied in size and/or shape, commonly with an upper layer of 
small, highly regular rectangular cells covering a more variable lower layer of larger 
cells. 
Eight root types have been distinguished (Table 3.5), each with variable 
taxonomic resolution. These types are provisional because only relatively few taxa were 
included in the study. Some criteria proved difficult to determine, such as the number 
and variation in epidermal layers in surface view. It was also observed that root 
morphology often varied considerably on individual root sections, especially the size of 
the epidermal cells and the density of hairs. Size criteria were unreliable and only those 
based on the presence or density of specific features were considered to be useful. It 
should be noted, however, that the most important diagnostic features were usually 
discernible on most root sections. 
The Equisteaceae formed a distinctive group, as did the Filicophyta, although 
the latter were distinguished as much by overall appearance as epidermal anatomy that 
was inconsistent. Flattened root hairs were noted in both of the lower vascular plant 
groups and may be an important character. Within the few taxa analysed Thelypteris 
palustris roots had distinctive undulate cell margins. It is uncertain if the epidermis of 
the many Filicophyta would survive preservation processes. It proved to be fragile and 
susceptible to destruction during clearing, the clearing chemicals weakening and 
eventually rupturing the epidermis and cortex leaving only the thick stele. 
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Root T'e Taxa Distinguishing features 
1) Equisetaceae Equisetum Fibrous radial roots; regular longitudinal rows of 
rectangular cells with rows of regularly spaced square 
cells carrying flattened root hairs. 
2) Filicales Filicales Wiry, branched, brown roots with wide steles; 
epidermis cells in longitudinal rows of irregular, 
elongated cells carrying flattened root hairs. 
3) Juncaceae Juncus spp. and Luzula Fleshy radial roots; regular rows of rectangular 
spp. epidermal cells with dense concentration of hairs on 
square cells that have swollen hair bases. In some 
sections the hair cells and epidermal cells alternate. 
4) Cyperaceae Cyperaceae Fleshy radial roots; regular rows of rectangular cells 
with or without hairs on rectangular cells with or 
without swollen bases; main feature is the presence of 
cubic projections on the epidermal surface. 
5) Type la Many Dicotyledonae Fleshy or fine branched roots; epidermis of regular, 
rectangular cells with sparse to dense hairs without 
swollen base on normal cells. 
6) Lycopus spp. Lycopus europaeus Fine branched roots; epidermis of regular rows of 
Type alternating square and rectangular cells with rounded 
walls; no hairs noted. 
7) Type lb Poaceae, Iris spp., Fleshy or fine radial roots; epidermis of regular, 
Alisma spp., Cirsium rectangular cells without hairs or any projections. 
s pp., Urtica sop. etc. 
8) Type 2 Sparganium spp., Typha Fleshy radial roots; rounded square (+/- swollen) 
spp. epidermal cells in regular rows without root hairs or 
projections. 
Table 3.5. Provisional root types 
The two most distinctive root types were those of Juncaceae and Cyperaceae 
taxa. Sections of Juncaceae root were packed with dense hairs with a characteristic 
swollen base. Hair density varied in different sections of the same root, although the 
observed specimens were always dense (under the definitions above). Young hairs were 
often noted as short projections similar to papillae, especially around the root cap. The 
Cyperaceae type was characterised by the presence of cubic projections on the 
epidermis surface. These are seemingly unique to the Cyperaceae and were present in 
all of the analysed taxa on all sections of the roots. Hairs were also present in many 
Cyperaceae, usually with a characteristically swollen base. The presence of hairs did, 
however, vary considerably within and between taxa, and some sections, especially near 
the root tip, lacked them. 
The Lycopiis type roots had a distinctive arrangement of epidermal cells in 
which rounded rectangular and square cells alternated in regular longitudinal files. This 
was the only type that was distinctive at the species level. During the analysis of modern 
surface sediment samples Atriplex roots were distinguished. This was purely on the 
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basis of colour, the Atriplex roots having strongly coloured yellow cells, a trait unlikely 
to be preserved in fossil material and one which did not survive the clearing process. 
The occurrence of such a specific root type suggests that others may exist in the many 
taxa that were not included in the survey, especially among the Dicotyledonae. 
The final root types were not confined to any particular taxon. Type 1 roots 
consisted of featureless roots with a regular arrangement of rectangular epidermal cells. 
Hairs, if present, were on normal epidermal cells and lacked swollen bases. A 
distinction has been made between hairy and non-hairy types, the non-hairy category 
including the important Poaceae group and many Monocotyledonae. Type 2 roots had 
clearly different epidermal cells of rounded to square shape arranged in regular 
longitudinal rows. This type was only seen in Sparganium sp. and Typha sp., the latter 
having clearly swollen epidermal cells that projected from the root surface. 
The work presented here has formalised root descriptions, providing a basis for 
more systematic comparison between taxa and has clarified the usefulness of some 
earlier work (e. g. Katz et al. 1974). It has also confirmed that root-types with broad 
taxonomic, ecological and structural implications can be distinguished on the basis of 
easily viewed features preserved in macrofossil material (see Chapter 5). While some 
variation is seen within the groups, specific criteria for identifying many families, 
genera and species are not yet available, and in many cases are unlikely to be so. The 
Lycopz{s spp. type shows that identifications may be possible in some genera or even 
higher, and further investigation of more Dicotyledonae taxa may prove useful. 
3.2.3.2 Sphenophyta leaf sheaths and epidermis 
The main distinctive identification features for the genus are the presence of silica 
bodies and deposits over the epidermis, distinctive stomata, cell and stomatal 
arrangement and number of ridges and teeth on stems, branches and leaf-sheaths. Ridge 
numbers and teeth shape have been described in several volumes (Jermy and Camus 
1991; Hutchinson and Thomas 1997). Features of the epidermal anatomy were found to 
be consistent on samples of epidermis from the main stem, branches and leaf-sheaths. 
The epidermal cells were arranged in regular longitudinal files and were rectangular 
with finely undulate margins. Stomata are arranged in multiple longitudinal files in the 
troughs between ridges, the number of which depends on the width of the trough. The 
stomata are unique, the guard cells being covered by two subsidiary cells separated by 
an aperture. Striations are visible on the stomatal apparatus in surface view, although 
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these are in fact on the base of the subsidiary cells (Kaufmann et al. 1971). The leaf- 
sheaths have distinctive areas of irregular cells at the base of each serration. 
Equisetum is divided into two sub-genera, each having distinctive stomatal 
characters and type of silicification. Sub-genus Hippochaete includes E. hyemale, E. 
ramosissimum and E. variegatum (Plates 22 and 23) in the British flora and is 
characterised by: 
" Stomata sunk in crypts, normal epidermal cells form the surface aperture 
over subsidiary and guard cells. 
" Silica is distributed over the surface of the epidermis in `candle-wax' like 
deposits. There is a lack of discrete silica knobs, teeth or rosettes. 
" Stomatal strips arranged in ladder-like formation. 
" Apertures formed by the epidermal cells that are transversely orientated. 
E. variegatum has only a single line of stomata in each trough and thick wax-like 
deposits of silica on the surface which often obscures the with epidermal cells (possibly 
also E hyemale shows these characteristics). E. variegatum and E. hyemale have a 
distinctive ladder like appearance with a dumbbell-shaped aperture at the tip of the 
swelling over the stomatal crypt. The whole aperture is in fact not dumbbell-shaped, 
only the section at the top of the swelling over the pit is. E. ramosissimum has fewer 
surface deposits of silica, fewer dumbbell-like apertures and stomata arranged in files of 
up to 4 wide (Chatterjee 1964; Pant and Kidvai 1968). 
Sub-genus Equisetirm includes E. fluviatile, E. arvense (Plates 20 and 21), E. 
sylvaticum, E. pratense, E. palustre, E. telmatela. The epidermis is characterised by the 
following: 
" Stomatal subsidiary cells at the surface, lacking overlying epidermal cells. 
Stomata are hidden and only pits are visible. 
" Stomatal subsidiary cells (over guard cells) are covered with discrete silica 
knobs. These are large at the edges of subsidiary cells and form rosettes of 
several knobs on normal epidermal surfaces. There is no overall covering as in 
Hippochaele. 
" Stomata are arranged in multiseriate longitudinal files. 
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" Apertures at the surface are longitudinally aligned, often with a line of silica 
teeth. 
E. arvense has siliceous teeth on the stomatal aperture edges and knobs over the 
surface (Kaufmann et al. 1971). E. fluviatile was found to have similar aperture teeth 
but far fewer siliceous knobs occur on the stomatal and epidermal surface. 
As E. palustre, E. fluviatile and E. hyemale are common wetland plants there is 
good reason to believe that fossils of Equisetaceae will be found in alluvium. The 
epidermal patterns in the Equisetaceae are so distinctive that even small fragments are 
identifiable to genus and sub-genus level. Species-level identification probably requires 
large stem fragments, preferably with leaf-sheaths, but is possible if suitable smaller 
fragments are preserved. 
3.2.3.3 Filicophyta leaves and epidermis 
The main identification features for the group are the pinnule or pinnae segment 
morphology, venation pattern, sporangium and indusium form and arrangement, 
stomatal complex and types of glands and trichomes. Detailed descriptions of 
Filicophyta leaf morphology have been published by Jermy and Camus (1991), 
Hutchinson and Thomas (1997) and Bower (1923,1926 and 1928). In all cases these 
texts deal only with the gross morphology (leaf shape, form and arrangement of 
sporangia and indusia). Epidermal anatomy has been covered sporadically for few taxa 
(e. g. Van Cottem 1970b, 1973). 
The identification features are listed in Table 3.6. A specimen of the fertile blade 
of Ophioglossum vulgatum from the order Ophioglossales was prepared (Plate 24 - 25). 
It differed from the Filicales (see below) by not having a dichotomous branching 
venation system and by having simple, lanceolate-ovate blades. The venation varied 
along the axis, being parallel at the base and splitting into three orders or branched, 
interconnected veinlets on the blade itself. Cells in the basal area were elongated sub- 
rectangular with straight walls, irregular end walls and anomyocytic stomata. Similar 
stomata were recorded on the blade within a matrix of irregularly shaped, isodyametric 
cells with undulate margins. The marginal cells of the blade were similar to those at the 
base and no trichomes were found on the specimen. 
The Filicales specimens all had branching dichotomous venation on a dissected 
frond (Plates 26 - 46). The shape of the pinnae/pinnules was of vital importance, 
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Type 1 Glandular uniseriate, multicellular branched 
(e. g. Polypodium interjectum) 
Type 2 Non-glandular unicellular, uniseriate hair 
with attenuated apex. 
(e. g. Polypodium interjectum) 
Type 3 Non-glandular uniseriate, multicellular hair 
with attenuated apex. 
(e. g. Pteridium aquilinum) 
3b As above with swollen base 
Type 4 Stalked gland; multicellular, uniseriate base 
with spherical gland 
(e. g. Thelypteris palustris) 
Type 5 Unicellular spherical gland 
(e. g. Oreopteris limbosperma) 
Profile Plan 
Type 6 Non-glandular biseriate, multicellular hair 
(e. g. Phyiitis scolopend)ium) 
Cicatrice 
Type 7 Unicellular uniseriate gland 
(e. g. Dryopteris dilitata) Cells 
over veins 
Type 8 Uniseriate, multicellular, non-glandular hair 
with short cells and no attenuated apex 
(e. g. Dryopteris dilitata) Vein 
Table 3.7 Filicophyta trichome types 
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especially the level of dissection of the leaf margin and the presence of marginal 
serrations. Indusia and sori were also of some importance, especially their shape, 
although it is unlikely that these structures would remain attached to the pinnae/pinnules 
(e. g. Dryopteris species which tend to shed indusia on spore ripening). Epidermal 
anatomy was similar in many of the species, the cells being irregular in shape with 
deeply undulate margins. Cells over the veins and along the margins tended to be sub- 
rectangular, had limited development of undulations and were aligned to the 
vein/margin. Most taxa had polocytic stomata, although staurocyctic and anomyocytic 
types were not uncommon and were the dominant types in the case of Polystichum 
setiferum. Stomata were usually grouped on the abaxial lamina between the veins and 
were aligned to the main veins of the lamina segment. Trichomes were present in some 
species (see Tables 3.6 and 3.7). 
Rachis epidermal peels were collected from Dryopteris dilitata, Thelypteris 
palustris, Osmunda regalis and Pteridium aquilinum. All were similar with the 
epidermis having elongated sub-rectangular cells with oblique/irregular end walls and 
occasional anomyocytic stomata. The cells had no clear undulations, but had irregular 
cell walls at x400 magnification, appearing to have a discontinuous outline at low 
magnification. 
Potential Filicophyta leaf macrofossils are distinctive, especially in the Filicales. 
Class identification is likely, even if only tiny fragments of lamina or epidermis were 
preserved. Family, genus and/or species-level identification is possible if fragments 
have margins in-tact and retain stomata and trichomes, although it should be noted that 
the range of taxa described here was far less than complete and species-level 
identifications made on the basis of trichome complement would be tentative. Osmunda 
spp. and taxa with robust unique features, such as the marginal indusium of Pteridium 
aquilinum, would be identifiable even if highly fragmented. Fragments of rachis are 
unlikely to be distinguished on the basis of epidermal anatomy, although isolated scales 
and indusia have distinctive morphology and anatomy. 
3.2.3.4 Dicotyledonae leaves 
Appendix 2 holds the records of leaf architecture and epidermal anatomy for the species 
included in this survey (see also Plates 47 - 193), the main details of which are 
summarised in Table 3.8. The records matched well with the patterns and trends 
recorded in Hickey and Wolfe and also the fragmentary accounts found in Metcalfe and 
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Chalk, although the stomatal and venation patterns varied below family level. The 
species' accounts provided here are a significant addition to those available for the 
extant British flora and include the main tree species, many shrubs and representatives 
of most families and many genera contributing to lowland vegetation. Some taxa were 
not fully described but scanned briefly to compare characteristics with those of the 
family or other species in the genus. In all cases the comparisons showed very similar if 
not identical patterns of characters. These taxa included Symphytum officinale, Galium 
odoratum, Lamium purpureum, Stachys nigra and Primula vulgaris. 
It is clear from the results that Dictoyledonae leaves are identifiable to a high 
level of taxonomic resolution, perhaps even at the species level if all of the main groups 
of identification criteria are preserved in ancient specimens. It should be noted that the 
species included here are only a selection from the British flora and identifications at the 
higher ranks (genus, species) based only on the information contained here could not be 
absolutely certain. 
Beyond the overall morphology, other important discriminatory criteria included 
the primary venation pattern (sense Pole 1991), lower order venation, presence and 
development of vein looping, marginal tooth type, stomatal complex and trichome 
complement (types summarised in Table 3.9). Individual characters were also 
important, such as: 
" the presence of large spines (e. g. Cirsium spp. ); 
" crystals in the vein bundle sheaths (many of the Fagaceae); 
" crystals in the mesophyll (e. g. Galiumpalustre); 
" hydathodes (e. g. Caltha spp. ); 
" spherical glands on several halophytes (e. g. Atriplex portulacoides); 
" cystoliths in Urtica dioica; 
" stomatal crypts and aperture shapes (e. g. Spergularia sp. and the other 
analysed Caryophyllaceae). 
Some characters were found in many taxa (e. g. stomatal types), but combinations of 
different traits were in many cases highly diagnostic. Clearing was needed to see many 
features, some, such as areolation development and tooth type being difficult to 
ascertain. Venation could also be irregular and several examples of mixtures of the 
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Table 3.9 Trichome types recorded in the Dicotyledonae 
Type Plate Description 
1 68 - 69 Simple, unicellular hairs with wide base and no special cicatrice. Variable 
length, 
often long. 
2 49,91 Short glandular unicellular trichomes with rounded apex. 
3 48,62, 
66 
Simple, unicellular non-glandular hairs with a cicatrice of radially aligned cells. 
Variable length. 
3a 67 As 3 with hair set on a pedestal of epidermal cells 
4 145 Simple uniseriate barb-hairs with a sharp cirved point +- radial cicatrice. Variable 
length. 
5 57,58 Large multicellular glandular hairs. Base 1-2 cells supporting uni-bi-scriate hair 
with rounded apex. Radial cicatrice. 
6 61,173 Stalked and Short stalk supporting spherical head of 1-4cells. 
7 64,86 Peltate glandular scales. Base 1+ cells glandular with flattened, multicellular disc- 
like head. 
8 127 Stalked and Long unicellular base and wide bi-cellular head. 
9 63 Non-glandular 2-armed branched trichome with wide central support on large 
pillar of epidermal cells. 
10 68 Large unicellular spherical and on short unicellular stalk. 
11 Small spherical unicellular and 
12 128 Multicellular uniseriate simple pointed hairs on radial cicatrice. 
13 Multicellular uniseriate glandular hairs with swollen apex on radial cicatrice. 
14 75 Stellate 2-5 armed trichomes with unicellular arms. 
15 75 Multicellular, uniseriate hairs with swollen glandular basal cell. 
16 76 Glandular hair with uniseriate multicellular base of 1-4 cells and bi-senate 
multicellular head 
17 155 Stalked gland with long basall cells (1-2 cells) carrying a spherical multicellular 
gland. 
18 99 Non-glandular uniseriate multicellular hair with wide radial cicatrice. Basal cell 
wider than rest and cylindrical with striations. Hair cells long swollen at 
junctions. 
19 100 Simple, multicellular, multiseriate hairs. Cells long and arranged longitudinally 
on a bunched cicatrice. 
20 115,116 Stellate trichome of 5+ long cells. 
21 Stalked gland Base unicellular and long carrying a unicellular small spherical 
and 
22 133 Bicellular, uniseriate simple hair on radial cicatrice. Apical cell has swollen base 
and setae noted + surface wrinkles. 
23 103 Short multiseriate multicellular spherical ands. 
24 149 Unicellular simple 2-armed hair supported on a narrow central support and 
cicatrice of bunched-radial cells. Arms pointed and opposite. 
25 Unicellular simple hair with swollen wide-hexagonal base on a radial cicatrice 
and wrinkled surface 
26 165 Unicellular simple hair with very wide base and radial cicatrice. septate with 
papillae over surface. 
27 194,195 Multicellular, uniseriate hairs with 2+ cells on a hexagonal baseal cell and 
cicatrice of radial cells. 
28 176 As 27 but glandular. 
29 180 Uniseriate multicellular hairs composed of alternating wide and narrow cells with 
an a ical spherical and Base a radial cicatrice. 
30 192 Large uniseriate multicellular glandular hairs with swollen basal cells, radial 
cicatrice and carrying an apical. spherical gland. 
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types described by Pole were recorded. Venation was also distorted in deeply lobed and 
serrated leaves. 
The Magnoliflorae consisted of two distinctive groups of taxa. All of the taxa 
analysed from the Ranunculales and Papaverales had irregular higher order venation 
patterns, whereas taxa in the Myricales and Fagales had regular higher order venation 
patterns. In other Sub-Classes a higher incidence of looped primary venation and 
regular higher order venation becomes more common and external systems of vein 
loops become more developed. The tooth types described by Hickey and Wolfe were 
consistent in most cases and were often easily distinguishable. The anomyocytic 
stomatal complex was the most widespread, occurring in many taxa distributed 
throughout the Sub-Classes. Other types were more restricted in distribution, especially 
the diacytic types found only in the Caryophylliflorae and Asteriflorae and anisocytic 
types found in the Caryophylliflorae, Dilleniflorae and Asteriflorae. The trichome types 
were often very specific, for example the peltate multicellular form (type 7) which was 
only recorded in Humulus Iupulus, Abrus glutinosa and Betula pendula. Areolation, 
marginal venation, variability in abaxial and adaxial epidermis and the type of veinlets 
present were useful, with trichome type, at the sub-family level. 
While a combination of factors could be used in whole specimens to identify 
unknown leaves, the level of identification attainable in fossil material is dependent on 
the level of fragmentation. Most Dicotyledonae leaf material in waterlogged alluvium is 
highly fragmented. Fragments have a wide range of potential for identification and only 
some morphological and anatomical elements may be preserved. Fragments containing 
complete sections of the margin, the lamina with part of the venation and intact 
epidermis are potentially identifiable to genus or even species level. Fragments without 
intact margins have much lower identification potential because some characters are 
present in a wide variety of taxa. Epidermis or cuticle fragments similarly have limited 
identification potential, although family level identifications may be made and higher 
levels if trichomes and some marginal features are preserved. Another complication in 
identification is exemplified in taxa where variation in features, such as marginal teeth, 
is seen along the leaf axis (e. g. marginal teeth in Sambucus spp. ). Trichomes provide 
vital information, but are easily detached, although peltate trichomes (Type 7) were 
preserved in the ancient specimens analysed in Chapter 5. Cicatrice configuration is 
preserved on the epidermis even when the trichome becomes detached. Unfortunately 
this feature itself varies relatively little, although some taxa have hairs with persistent 
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unique bases (e. g. trichome type 27) and the density of cicatrices would indicate the 
distribution of hairs over the leaf surface. 
One limitation of the research was the number of leaves that could be analysed 
of each taxon. One to three specimens were usually prepared and provided in abaxial 
and adaxial view. Where multiple specimens were prepared (e. g. Betula spp. ), the 
characteristics were found to be consistent. As mentioned above, the criteria also 
matched those, where present, in published texts. Although the work presented here is 
large and was time-consuming, the range of taxa and specimens was narrow. There 
remains the possibility that greater variability in leaf anatomy and morphology is 
present in many of the taxa than described herein. A recent investigation of Quercus 
petraea leaves showed differences in trichome complement and shape between leaves 
from different parts of a single plant (Kurschner 1997). Immature A1n1is glutinosa 
leaves were also found to have a lack of trichomes and limited epidermal development 
in this study. Some of these differences would preclude identification and distinction of 
plant macrofossil leaves, although it is uncertain the extent to which it would affect 
taxonomic assignment. 
3.2.3.5 Monocotyledonae leaves and epidermis 
Epidermal characters are described and/or illustrated in Grosse-Braukmann (1976), Katz 
et al. (1977) and the Anatomy of the Monocotyledons series. The survey described here: 
1. gathered information from published texts; 
2. developed a standard range of descriptive criteria to facilitate systematic 
taxonomic comparison; 
3. described many of the same taxa plus those which were missed or only 
partly covered that are of relevance to this project; 
4. provided a series of photographs of the taxa. 
The results are provided in full in Appendix 3 (see also Plates 194 - 215). Six 
broad groupings of taxa could be distinguished in the Monocotyledonae on the basis of 
leaf shape, stomatal complex and epidermal cell shape and configuration (Table 3.10). 
Groups I-3 have distinctive lobed subsidiary cells with the stomata, in sharp contrast 
to the Cyperales group which have paracytic stomata in which the subsidiary cells are 
folded over the stomtatal apparatus (narrow type) or which closely follow the guard cell 
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edges. Group 6 includes the major Monocotyledonae families in the British flora and are 
all characterised by an epidermis composed of longitudinal files of cells with files of 
paracytic stomata. 
Table 3.10 Monocotyledonae grouped on the basis of leaf architecture and epidermal anatomy 
Group/Family Leaf shape Venation Epidermal cells Stomatal 
complex 
1. Butomus umbellarus Linear Parallelodromous Straight edged regular Paracytic 
lobed 
2. Alismataceae Laminar Parallelodromous Straight edged irregular Paracytic 
lobed 
3. Hydrocharts morsus- Laminar Parallelodromous Undulate irregular Parac}tic 
ranae lobed 
4. Tn lochirr type Linear Hyphodromous Undulate irregular Anom is 
5. Potamogeton type Laminar Parallelodromous Straight edged square in files Absent 
6. Cyperales type Linear Parallel Undulate or straight walled cells in Paracytic 
regular longitudinal files 
6a. Juncaceae Linear Parallel Straight-walled rectangular in files Paracytic 
narrow 
b. Cyperaceae Linear Parallel Undulate-walled rectangular cells in Paracytic 
longitudinal files narrow 
c. Poaceae Linear Parallel Undulate walled rectangular cells Paracytic 
alternating with rounded square narrow 
cells in lort itudinal files. 
d. Sparganiaceae Linear Parallel Straight walled rectangular to Paracytic 
square cells in longitudinal files some 
hexacytic? 
e. Typhaceae Linear Parallel Straight-walled rectangular cells in Paracytic 
longitudinal files narrow 
f. lridaceae Linear Parallel Straight walled elongated hexagonal Paracytic in 
cells in longitudinal files crypts 
The families within group 6 are also relatively easily distinguished, although 
genus and species level identification is not possible using these characters alone and 
requires the preservation of hairs, spines and other features noted in the species 
descriptions. Within the Poaceae little variation was noted between the taxa included in 
the project, although Phragmites azistralis has distinctive prickle hairs at the leaf 
margin. Within the Cyperaceae Cladizim mariscus has stomata sunken in crypts and also 
large spines along the leaf edge. Schoenus nigricans has small cells between the 
stomatal apparatus and subsidiary cells and, like several other taxa, has small prickles 
along the leaf margin. Silica bodies and papillae are seen widely in and on the epidermal 
cells of the Cyperaceae, the form and number possibly having taxonomic significance. 
No trends were noted in the observations to support these findings and in the analysis of 
macrofossils in Chapter 5 neither was apparent on Cyperaceae epidermis, suggesting 
that these features may not be preserved. 
Large fragments of leaf or epidermis may be distinguishable at the family, or in 
some cases genus level. Small fragments of the epidermis from groups 1-4 may be 
confused with some Dicotyledonae taxa. It seems unlikely that the Group 5 or 6 
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epidermis types would be similarly confused as they have a regular structure often with 
unique narrow-type paracytic stomata. In most cases the family types in group 6 would 
be distinguishable even in small fragments. One point of confusion may be caused if 
stem epidermis or epidermis from underground organs was encountered. Grosse- 
Braukmann and Katz et al. have described some of these tissues, and similar epidermal 
structure was noted to that on the leaves, with the exception that the stomata were 
absent in epidermis from underground organs. The potential for identification of the 
epidermis from these organs to family level seems to be less certain than with the 
epidermis of the leaves and aerial stems. 
3.2.4 Limitations and implications 
The identification work presented here has consolidated and expanded earlier 
identification work and brought the identification criteria within a systematic recording 
system. The root work can be used as it stands in Table 3.5. Leaf and epidermal criteria 
have been split into several tables. Table 3.11 provides generalised criteria to 
distinguish the main epidermis and leaf types. 
Class/Order Venation Epidermal cells Trichomes Stomata 
Sphenophyta Parallel Rectangular cells with Absent Anomyocytic with 
undulate margins in striations and silica 
regular longitudinal deposits in 
files. Silica deposits. longitudinal files. 
Ophioglossales Reticulate Polyhedral straight- Absent Anomyocytic 
walled, no specific 
alignment. 
Filicales Dichotomous Irregular cells with Restricted types Mainly polocytic 
deeply undulate walls present mainly with some 
in no specific on margins and anoinyocytic and 
alignment; Rectangular veins, but also staurocytic. 
cells over veins. across lamina in Arranged in groups 
some taxa. on lamina 
orientated to veins. 
Dicotyledonae Reticulate Variable shape straight Present and Variable. Arranged 
to undulate without often dense in in groups on lamina 
specific alignment. many taxa. orientated to veins. 
Many S. 
Monocotyledonae Parallel with Mostly square or Restricted range Mostly paracytic, 
some rectangular with of types present arranged in 
perpendicular straight walls in regular at margins in longitudinal rows or 
transverse longitudinal rows. some taxa. groups. 
veins. Some with undulate Rarely papillae 
cells and less regular. on lamina. 
Table 3.11 Main distinguishing features of epidermis and leaves at Class/Order level 
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The work on roots, leaves and epidermis has demonstrated that identifications 
with taxonomic implications can be provided for even highly fragmented vegetative 
macrofossils. Even taking into account the restricted range of taxa included in this 
survey, there is good reason to believe that family and genus level identifications are 
possible for much plant material. Higher level identifications require large, well 
preserved fragments (in the absence of unique features). The features used in this part of 
the research are observable with standard laboratory bench equipment and are easily 
prepared. The implication of this work is that identifications of vegetative macrofossil 
remains have the potential to provide information of ecological and 
palaeoenvironmental significance. This information, however, may be of a general 
nature and may not provide the level of detail required for NVC or phytosociological 
classificatory groups, but may be possible at the family or genus level, or using 
structural type groupings (e. g. life-form analysis). 
3.3 Quantification and recording 
Going beyond a species list to record accurately and quantify the taxa and types of plant 
macrofossils present in sediments is complicated by the inherent heterogeneity of 
macrofossil assemblages. The most common methods include simple counts, volumetric 
methods and DAFOR type estimates of abundance. Each has its own limitations that 
will now be outlined. 
Counting is the most accurate method of quantification for plant macrofossils 
that are preserved as discrete units, such as seeds and fiuits. Counting is, however, an 
inappropriate method of quantification for vegetative and woody macrofossils where 
counts reflect fragmentation as much as abundance. One possible method of accounting 
for fragmentation is to divide the sample into different size fractions and then count 
within those fractions, as happens in wood charcoal analysis. A trial of this method with 
waterlogged macrofossil assemblages failed because it was impossible to separate 
accurately the assemblages using sieves into size fractions due to water tension. Sieving 
also damaged the more delicate macrofossils. 
Volumetric measurements were the most intellectually appealing form of 
recording for vegetative and woody macrofossils. Many of the macrofossils included in 
this investigation were typically small (between 0.5 mm and 10 mm in diameter). 
Division of the macrofossils from a sample into groups was simply found to take too 
long to be practical. Another theoretical problem is the effect of differential water 
116 
absorption by macrofossils when released from compaction by sieving in water, the 
only practical method of macrofossil extraction. Volumetric measurements of 
macrofossil assemblages would be affected by differential water absorption, even if they 
were possible, making any measurements problematic. 
DAFOR estimates use relative abundance scales and are among the most widely 
employed methods of quantification for vegetative and woody macrofossils. They are 
useful as a means of preparing rapid abundance information. The method was, however, 
ultimately rejected because it is highly subjective and uses no standard reference, 
making of dubious value the comparison of macrofossil abundances from different 
samples and sediments (see General introduction to Rodwell 1991a for a discussion of 
the problems in using DAFOR quantification in vegetation recording). 
3.3.1 The cover abundance method 
The method of quantification used for the following investigations is a modified form of 
the cover abundance method described by Barber et at (1994) for macrofossil analysis 
of ombrotrophic peat. This method was devised primarily for rapid analysis of moss and 
other vegetative assemblages from ombrotrophic peats and in its pure form provides a 
means of absolute comparison between macrofossil abundances. As with the cover 
abundance method of vegetation description, it uses as an abundance measure the area 
covered by macrofossils within a series of sample quadrats. Samples of a standardised 
size are disaggregated in a specific volume of liquid and then spread out in a container 
to form a `monolayer' over which sample quadrats are recorded using a 10 x 10 grid 
graticule at lOx magnification on a binocular dissecting microscope (Barber et al. 
1994). This monolayer is a single sheet of macrofossils with minimum overlap. The 
area within each quadrat covered by each class of macrofossil is recorded and the final 
cover abundance figures are an average of fifteen quadrat counts per sample. Cover 
abundance figures for vegetative and woody macrofossils are accompanied by the 
counts of seeds and other countable items. This method was found to produce repeatable 
results used as a basis for numerical analysis via detrended correspondence analysis to 
interpret bog surface wetness as a proxy for climatic signals (Barber et at 1994). 
117 
3.3.2 Tests 
The cover abundance method was tested on vegetative macrofossils from modem 
surface samples of both peat and silt-rich sediments. The most thorough tests were 
completed on an organic-rich silt sample (04/116). Macrofossils were recovered in a 
125 µm sieve after disaggregation using 10 litres of water. The recovered macrofossils 
were placed in a container forming a monolayer from which the cover abundance was 
recorded. Fifteen full trial runs were recorded, each value being the mean of fifteen 
individual quadrat counts (Table 3.12). Figure 3.3 shows the typical pattern of 
cumulative mean values that developed in the trials. The early values varied, sometimes 
considerably, but eventually became constant. 
Although a similar pattern of representation was noted in all fifteen trials, there 
was variability in the mean values, although the variability was limited. Variability can 
be attributed to observer-error and the practical difficulty in forming the macrofossil 
`monolayer'. Overlapping of plant fragments in the dish could not be eliminated. This 
caused distortions in the area covered by any class of plant macrofossils and hence 
alters the probability of the fragments being recorded. A further problem was the 
presence of non-macrofossil material and gaps in the monolayer. These were recorded 
as `void' on the record sheets and calculated out of the final mean values. 
Although the method was easy to use after some practice, the taxonomic 
identification of macrofossils proved more difficult. Identification required using higher 
levels of magnification than achievable on a standard dissecting microscope. 
Identification required removal of the fragments from the sample dish, after the cover 
abundance was recorded, and use of transmitted light microscopy. The identification 
could then be assigned and the record added to the record sheet. 
3.3.3 Comparability of cover abundance values 
The cover abundance method was devised for ombrogenous peats where all of the 
material was allochthonous and mainly composed of plant tissues. In such sediments, 
therefore, the percentage cover abundance values can be directly equated with the 
absolute quantity of plant material in a sample. Variations in macrofossil abundance 
between samples reflect the changes in the abundance of that class of macrofossils, 
rather than reflecting the changes in another macrofossil type, as with relative (e. g. 
percentage) methods of quantification. 
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A major drawback with application of the method to alluvial sediments is the 
variability in macrofossil content and often the presence of substantial quantities of 
inorganic material that was removed during sieving. Although cover abundance values 
could be generated for any sample, several further points emerged from tests of the 
method: 
1. dishes of different sizes had to be used to contain different samples, altering the 
probability of macrofossils being incorporated in a quadrat ; 
2. cover abundance values from samples in which non-plant matter was present are 
relative, showing the internal composition of macrofossils in a sample; 
3. cover abundance values from these samples are not absolute, so a value in one 
sample does not correspond directly to the value in another sample. 
Prolonged use of the method suggested that, while the differing dish size may have 
theoretically affected cover abundance values, stable values were in fact produced, even 
when the total macrofossil volume was extremely low. A more serious deficiency was 
the lack of comparability between values. To circumvent this problem the loss-on- 
ignition (LOI) figures, representing the bulk organic content, have been used as a means 
of providing a standardising factor to allow some measure of inter-sample comparison. 
The method of LOI used is that described by Gale and Hoare (1991,262 - 264). Mean 
cover abundance was re-calculated for the organic content of the sample using the 
following formula to provide mean cover abundance (C) per unit of organic content (0): 
C02=C/100x0 
Using LOI in this way is not totally satisfactory. The method itself is prone to 
errors caused by small changes in organic content over space. LOI figures also represent 
the total quantity of organic matter present in the sample. This includes macroscopic 
animal fragments and microscopic particles of plant and animal detritus. It has been 
assumed that the formers contribution to the samples was minimal, as it is when the 
method is used in geology (Gale and Hoare 1991,262). For alluvial peats, the 
assumption that there is no allochthonous inorganic content cannot be sustained, 
because backswamps and fens are often flooded, providing a vector for possible 
allochthonous sediment inputs. CO2 has, therefore been used for all sediment types. 
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Cover abundances for Macrofossil groups 
Trial observation Poaceae Poaceae Type 1 Monocot Herb Seeds 
Stem Leaf root Leaf undift 
1 26.9 13.7 8.7 2.1 47.6 1 
2 27.3 14.9 7.4 2.1 47.3 1 
3 30.8 12.9 8.6 1.1 45.6 1 
4 29.6 15.4 8.4 1 45.7 1.9 
5 30.2 15.4 6.6 1 46.1 0.7 
6 30.5 16.4 6.9 0.8 44.4 1 
7 28.7 15.2 8.8 0.7 46.5 0.1 
8 27.9 14.5 7.9 1 49.7 1 
9 30.1 12.3 6.6 0.6 49.7 0.7 
10 27.4 14.3 7.1 0.9 51.2 1 
11 28.7 13.2 7.8 2 46.7 1.6 
12 30.2 15.7 9 1.3 44.6 0.6 
13 27.4 16.3 7.6 1.1 48.4 1 
14 28.1 15.3 8.2 0.7 49.7 1.5 
15 29.3 17.4 6.9 1.3 50.1 1.3 
Maximum Value 30.8 17.4 9 2.1 51.2 1.9 
Minimum Value 26.9 12.3 6.6 0.6 44.4 0.1 
Mean 28.8 14.9 7.7 1.2 47.6 1.0 
Standard deviation 1.4 1.4 0.9 0.509 2.1 0.4 
Table 3.12 Cover abundances for trial sample 04/116 
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3.3.4 Evaluation 
Testing over several weeks showed that, while the method provided a practicable means 
of determining macrofossil abundance, the obtained values were subject to a measure of 
variability caused by observer and methodological errors. Inexperience and 
unfamiliarity with the procedures caused some of the observer error, especially in early 
trials. This was overcome by repeated application of the procedure. The methodological 
errors, inherent in the method, were less easily removed. Raw cover abundance figures, 
with void values removed, provided moderately accurate, repeatable values. Major 
elements of the macrofossil assemblages were accurately distinguished from minor 
elements (of less than 3% cover abundance). The variability in values, however, 
suggests that values lower than 3% cover abundance are not reliably distinguished. 
Small values are, therefore, essentially of identical value. Interestingly, although the 
minutiae of the samples are quantitatively indistinguishable, if ranked, the main 
elements remained stable in the trials. The use of LOI as a standardising factor means 
that comparative absolute comparisons of abundance are available. The LOI figures do, 
however, contain further errors and using them in this way multiplies those inherent in 
the cover abundance method itself 
The method provides a means of establishing the composition of the 
vegetative and woody macrofossils in a sample and comparing it to others, although the 
precise cover abundance figures could not be used to separate samples in which the 
plant macrofossil values varied little. It was considered adequate for the purposes of this 
research. Ultimately, while imperfect, the cover abundance method provided the most 
practical method of macrofossil recording tested during this research and a useful basis 
for interpretation as long as its limitations are recognised. 
The method can be compared to a DOMIN type recording system used in 
vegetation recording in which the approximate percentage cover is more important than 
the precise figure. As with DOMIN recording systems for standing vegetation, the cover 
abundance method is also practical to employ and the errors are understandable. It also 
has considerable advantages over other methods. While it is flawed, the flaws were 
found not to invalidate the method as long as small changes in values are not given too 
much interpretative significance. As with the use of cover abundance methods in 
vegetation mapping, questions can be asked about the suitability of estimates based on 
the areas of two-dimensional space covered to describe complex three-dimensional 
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forms. In this case the method favoured macrofossils that are flattened, such as leaves, 
and, in terms of volume and mass, underrepresented twigs and other cylindrical forms. 
122 
4 Investigation of plant macrofossil taphonomy in modern alluvial environments 
Plant macrofossil taphonomy was investigated at a number of active alluvial sedimentary 
environments. The primary means of investigation involved the comparison of the 
macrofossils present in surface sediment samples to the standing vegetation, 
supplemented by sediment descriptions and observations of plant part shedding. 
Estuarine depositional environments, especially saltmarshes, were the main focus of 
study because little published information is available about macrofossil taphonomy in 
those environments. 
4.1 Site selection 
The initial aim of the research was to sample complete estuarine sedimentary systems. 
Preliminary research and field investigations confirmed, however, that most alluvial 
environments in the region have been enclosed in flood defences and drained for use in 
agriculture and construction, a pattern of destruction seen throughout the British Isles 
and Northern Europe (Brown 1997). As elsewhere, only fragments of these once 
extensive systems survive intact, most managed as nature reserves, and many transitional 
environments no longer exist or are very rare (e. g. Burd 1989). This re-directed research 
towards taking samples from a number of sites where a limited range of depositional 
environments were active, but which, when grouped together, provided a representative 
range of alluvial environments in existence today in the region. 
Enquiries to English Nature regional offices and relevant publications (e. g. 
Ratcliffe 1977) located a number of suitable nature reserves in Southeast England. These 
included a handful of suitable tidally influenced environments, but lacked extensive upper 
saltmarshes and freshwater wetlands. Reserves in East Anglia extended the list. This area 
was chosen for inclusion in the project as it has the largest extent of both saltmarsh and 
freshwater fen environments in the British Isles and, like Southeast England, has a 
marked continentality to its climate. Fifteen sites were visited and from these eight were 
selected for inclusion in the project (Table 4.1; Figure 4.1). 
Intact sections of saltmarsh environments were preserved under active tidal 
influence at Burham Marsh, Snape Saltings, Angel Marsh, Stonemarsh and Borstal 
Marsh. At all sites, with the exception of Snape Saltings, flood defences truncated the 
transitional zone between the saltmarsh and terrestrial/freshwater habitats. Sampled 
freshwater environments were more disturbed than the tidal environments. All were 
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isolated from regular flooding and were managed to maintain the vegetation 
composition. All three freshwater sites were habitat fragments, analogous to areas of 
floodplain wetland influenced by groundwater but isolated from flood inputs. They were 
included in the project mainly to provide additional information about non-seed and fruit 
assemblage composition that was lacking in other studies where the focus was on seed 
assemblages. 
Site Location Owner/Afanager Environments 
01 Bure Marsh River Bure, Norfolk. English Nature Fen-wood on floodplain, especially 
managed and unmanaged alder wood 
03 Hickling Broad River Thum, Norfolk Norfolk Naturalists Trust. Herb fen on floodplain. 
04 Burham Marsh River Medway, Kent Kent Trust for Nature 
Conservation. 
Mature tidal reedswamp 
07 Snape Saltings River Alde, Suffolk Suffolk Wildlife Trust Middle-upper saltmarsh, including marsh, 
abandoned channel and saltpan 
09 Stonemarsh Hamford Water, 
Essex 
English Nature Low-middle saltmarsh, mudflats and creek 
system 
13 Angel Marsh 
Walberswick 
River Blyth, Suffolk Crown Estate / English 
Nature 
Low middle and upper saltmarsh, creeks, 
mudflats, tidal reedswamp 
14 Wicken Fen Cambridgeshire Fens National Trust Wooded fen 
15 Borstal Marsh River Medway, Kent Kent County Council Low mid saltmarsh and mudflats 
Table 4.1 Sites included in the project 
4.2 Field and laboratory methods 
4.2.1 Sample point selection 
In zoned environments (e. g. saltmarshes) samples were collected along transects chosen 
to cross major environmental and vegetation gradients, including marsh-channel 
transitions. In the fen woodlands and marshes, where the habitat was a mosaic with no 
obvious unidirectional environmental gradients, samples were collected from the main 
sub-environments (e. g. tree base, marsh surface) and major vegetation communities. 
Some sections of saltmarshes were also sampled in this way to incorporate vegetation 
types not included within the main transects. 
The sites were assigned numbers during initial fieldwork (see Table 4.1). Added 
to these were sample area and sample numbers, so each sample could be located 
accurately. For example, at Snape Saltings a group of samples at the saltmarsh edge were 
N 
" 30 ftO 
b 
0 
SITES 
A Low to mid-saltmarshes 
I Stonemarsh 
2 Bortsal Marsh 
3 Angel Marsh, Walberswick 
B Mid to upper-saltmarsheg 
I Snape Saltings 
2 Burham Marsh 
C Herb fens 
I Hickling Broad 
D Wet woodlands 
1 Bure Marshes 
2 Wicken Fen 
E Medway Tunnel Site 
Figure 4.1 Sites sampled and described in Chapters 4 and 5. Inset shows the study area 
(Numbers refer to sites listed to the left) 
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assigned area number 01; therefore the first sample from this area was 07/01/01. Samples 
in transects were assigned numbers in a series; therefore, the first sample in the Angel 
Marsh transect is identified by the number 13/1. Block samples were given three digit 
numbers, the first being the block sample number; therefore, sample 3 from Snape Block 
1 would be written 07/103. 
4.2.2 Sediment sampling 
Surface sediment samples were collected from sample points along transects and in 
mosaic vegetation. Sample sizes were standardised as much as possible to allow direct 
comparison of sample composition within and between sites. Only consolidated sediment 
was collected in the surface samples. Loose surface litter was described in the sample 
area prior to its removal and collection of the sediment beneath. Samples were measured 
and cut using a sharp knife, excavated with a trowel and placed in labelled bags. Large 
blocks were excavated using a spade. All samples were double-sealed in plastic and 
refrigerated at 4°C until analysed. 
Samples were collected in two visits to the sites. In the first visit, large block 
samples were collected for description and sub-sampling in the laboratory. These large 
sediment blocks were of a minimum depth of 20cm and had a surface area of ca 30cm x 
30cm. The surface of the blocks was divided into a grid 12.5cm3,25cm3 and 50cm3 sub- 
samples (surface area of 2.5cm x 2.5cm, 2.5cm x 5cm and 5cm x 5cm respectively and 
depth of 2cm). These samples were collected to: 
a) Allow analysis of the variability of macrofossil incorporation into sediments across a 
known surface area; 
b) Provide a basis for determining an adequate sample size for seed and non-seed 
macrofossil assemblages (following Fasham and Monk 1978) in the wide variety of 
depositional environments studied; 
c) Provide a basis for comparing the effects of sample size on macrofossil assemblage 
composition. 
Samples of 50cm3 were also collected down the block profile to allow investigation of 
changes in macrofossil preservation with depth. Sediment characteristics, distribution and 
variation in the preservation of macrofossils were also recorded across the block surface 
and down the profile. 
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The size of samples collected along transects and in mosaic vegetation was 
determined by the initial investigations of the block sample used to establish the minimum 
sample size that would provide a representative sample of the macrofossils. A minimum 
sample of 100 identifiable seeds was aimed for, as well as stable profiles on cumulative 
percentage diagrams of seed and non-seed macrofossils (following Fasham and Monk 
1978). Although 50cm3 samples would, in several cases, have provided adequate samples 
of the most abundant seed types, in the event samples of 200cm3 (10cm x 10cm x 2cm 
depth) were collected. This proved to be a suitable size for collection of adequate seed 
assemblages and allowed direct comparison between samples from different sites, 
although the size was too large for the accurate measurement of cover abundance values. 
Cover abundance was measured using 50cm3 sub-samples of the larger samples, divided 
at the time of collection. Small samples of 50cm3 or less were also collected with the 
macrofossil samples for LOI tests. 
4.2.3 Sediment description 
Sediments were described in the field or as soon as the samples reached the laboratory 
within days of collection. Colour was described using Munsell soil colour charts. 
Sediment composition was initially described using the `Troels-Smith' terminology 
(Aaby and Berglund 1986). Texture was described with reference to the Udden- 
Wentworth system of grain size terminology (Tucker 1982) and the touch tests described 
in Gardiner and Dackombe (1983). Sorting, sediment strength, bedding and 
nomenclature for sand, silt and clay mixtures followed the systems outlined in Gardiner 
and Dackombe. 
4.2.4 Vegetation recording 
The vegetation community within which the sample point lay was described using the 
DOMIN cover abundance values and vegetation sample sizes as described by the 
National Vegetation Classification (NYC) (e. g. Rodwell 1991a). The community types 
referenced in the text (e. g. SM8 annual Salicornia community) follow Rodwell (1991a, 
1991b 1992,1995) and Burd (1989). The distance of the closest representative of each 
taxon to the sample point was recorded, along with general observations about the 
proximity of other vegetation types to the sample point. 
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4.2.5 Laboratory preparation, description and analysis of macrofossils 
Macrofossils were collected from the samples and described using the methods outlined 
in section 3.3. It should be noted that seeds, bracts and other countable macrofossils 
(including Filicales sporangia in some cases) are referred to in the text as `seeds' when 
discussing general trends in macrofossil preservation. All of the other material, usually 
described using the cover abundance method, is referred to as `non-seed' macrofossils. 
Not all of the collected samples were analysed, as reflected by the discontinuous 
numbering. A 125 pm mesh sieve was used to collect the macrofossils and, for some 
compacted silts, pre-treatment using a deflocculant was required. After sieving, the 
retained macrofossils were sealed in labelled plastic bags in a solution of 70% Industrial 
Methylated Spirits (IMS). 
It was initially hoped to identify woody remains as well as vegetative 
macrofossils; however, this was not possible because of identification problems, poor 
preservation and, eventually, time pressure. Most of the wood in the samples was badly 
degraded and below the size required for identification. Larger fragments were often 
spongy and difficult to section. The only woody components identified were twigs that 
retained identifiable buds. 
Correspondence analysis (CA) was used as an exploratory technique. CA groups 
samples along the major axes of variability on the basis of the quantitative sample 
composition and provides summary statistics to describe how different macrofossil 
groups contribute to those axes (Shennan 1988; Baxter 1994). Sample points and 
macrofossil points can be plotted on two-dimensional diagrams. These provide a visual 
means of determining how the samples compare in terms of macrofossil composition and 
which macrofossils account for the differences. Known environmental gradients or 
phenomena can be then compared to the patterns of variability expressed in the diagrams 
and accompanying statistics. 
Canonical correspondence analysis (CCA) was used to ordinate axes of variation 
in the macrofossil data to the cover abundance records of standing vegetation. The 
method allows explanatory variables, in this case standing vegetation data, to be 
correlated with the macrofossil records from each sample, providing a means of 
determining how well the abundance of macrofossils reflects the abundance of source 
taxa in the standing vegetation. 
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To summarise, the plots produced by these two methods provide a means of 
a) describing statistically macrofossil assemblages in the sediments at a 
particular sample point; 
b) describing the variability in macrofossil assemblages between sample points in 
a site or sites; 
c) providing visual plots that allow easier interpretation of the variability in 
sample composition; 
d) determining how well macrofossils correlate with values for standing 
vegetation cover abundance. 
CANOCO for Windows 4.0 was used for all data analysis (Ter Braak 1999), 
CANODRAW 3.1 and CANOPOST for Windows 1.0 to plot the ordination diagrams. 
Standardised seed concentrations per 100cm3 of sediment were used in the analysis. 
Modified cover abundance (CO2) values were used for the non-seed data. Statistical 
analysis required standardisation of data and the merging of separate types of macrofossil 
that were derived from the same fruit (e. g. caryopses and whole spikelets of the Poaceae 
taxa). The specific combination of seed and non-seed data used in each plot is discussed 
in the appropriate section. Various transformations, reductions and consolidations of the 
data were also tested. Square root transformations of the data were used in the analyses 
and rare species were down-weighted. These procedures reduced the distortions on the 
analysis caused by the high-abundance of macrofossils of few taxa in the samples and the 
effects of rare species respectively. Any variable present in less than 10% of the samples 
in the sample set was also removed, to reduce the influence of single macrofossil 
occurrences further. CANOCO uses abbreviations for samples and species identified in 
both the standing vegetation and the macrofossil assemblages. These are listed in Tables 
4.2 and 4.3 respectively. 
Additional indices were calculated including the total seed concentration and 
species concentration (seeds and species per cm3 sediment). The proportion of seeds 
produced by plants recorded within set distances of the sample point was also calculated, 
as was the proportion of species represented in the sample sets. 
The CANOCO diagrams in the text contain three separate types of data. Sample 
points are open circles with a number or numbers next to them (0). Macrofossil points 
are filled circles with a six letter abbreviation in normal font (e. g. " phg stm). These 
points are present on both the CA and CCA plots. Additionally the CCA plots have 
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arrows originating from the origin of the two diagram axes that show how the scores for 
standing vegetation elements correlate to the axes in the ordination. Arrow length 
indicates the strength of the correlation. The abbreviated names of the taxa represented 
by each arrow are shown in bold font (e. g. T opn grn). Boxes and arrows have been 
added to many diagrams to show the position of data labels when the diagram was 
crowded. These arrows are distinguishable from the data arrows because they do not 
start at the origin. Note that the first axis is shown horizontal and the second vertical. 
4.2.6 Sediment tests 
Bulk organic content was calculated for all samples using the LOI method described by 
Gale and Hoare (1991), modified to using a temperature of 550°C maintained for 2 
hours. This shorter time was found to be sufficient to remove all organic matter (S. 
Mellalieu pers. comm. ) and also provided a measurement of % water content by mass. 
Abbreviation Species Abbreviation Species 
alt off Althaea officinalrs lys vul Lysimachia vulgaris 
ast tri Aster tripolium mol cae Molina caerulea 
atx prt Atriplex portulacoides opn gm Open 
atx prs Atnplex prostrata peu pal Peucedanumpalustre 
bol mar Bolboscheonus maritimus phl ani Phalaris arundinacea 
mos ind Bryophyta phg aus Phragmites australis 
Cal sep Calystegia sepium pin mar Plantago mantima 
aln can CanopyAlnus glutinosa puc mar Puccinellia sp. 
bet can Canopy Betulapubescens rib nig Ribes nigrum 
&n can Canopy Frangula alnus rub fru Rubus fruticosus agg. 
frx can CanopyFraxinus excelsior rux crp Rumex crispus 
six can Canopy Saks cinerea rux hyd Rumex hydrolapathum 
ax app Carex appropinquinta sal eur Salicornia sp. 
crx pan Carexpaniculata sar per Sarcocornia perennis 
crx pen Carex pendula sol dul Solanum dukamara 
crx rem Carex remota apt ang Spartina anglica 
cmx rip Carex riparia spg med Spergularia media 
cld mar Cladium mariscus sua mar Suaeda marituma 
coc ang Cochlearia anglica thy pal Thelypteris palustris 
ely rep Elytrigium repens trg mar Triglochin maritimum 
cup can Eupatorium cannabinum typ ang Typha angustifolia 
fes rub Festuca rubra ace can Unde storey Acer pseudoplatanus 
fil Ulm Filipemhda ulmaria bet und UnderstoreyBetula pubescens 
gat pal Gahum palustre agg. crt und Understorey Crataegus monogyna 
glx mar Glaux marinma &n und Undcrstorey Frangula alnus 
irspsu Ins pseudacorus frx und UnderstoreyFraxinus excelsior 
junger Juncusgerardii aln und Understory Alnusglutinosa 
jun mar Juncus maritimus slx und Understory Salix cinerea 
jun sub Juncus subnodulosus ros und UndetstoreyRosa sp. 
lim app Limonium sp. urt dio Urtica dioica 
lyc eur Lycopus europaeus val dio Valerian dioica 
Table 4.2 Canoco abbreviations for standing vegetation elements 
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Abbrer. Speller Macotossil Abbrev. Species Maadosstl Abbe". Species Maawfossll 
aig sed ANga SP. Seed 8n sed Frougula situ, Seed tub sad Rubies idaeus Seed 
 h sed Ahsna sp. Seed fix bse Fraxinus eecdsior Budscalc sue sad R, ntas eonglos7erorus Fruit 
alit brcc ANwSlltinora Bracteole Bittet Frasinuiorcebtor Leaf ruh sod Rmsrhydrofapadiws Fruit 
sin bud Abnugluri, osa Buds and budscales gap sod GoUumpabutrr Fruit mosell Rueexobturjfolius Fruit 
An con Aku gh story Cone gbt ief Gia e warclma Leaf nip sod Rawercrust Fruit 
sinkt Alnurgfutinosa Leaf Six sad Glauxmaritima Seed tux bra Rtssersp. Brad 
aln sed Abtes glutmara Seed gty sed G(yeMaffutran. dspp. Fruit not sed Ruse: sp. Seed 
alt sed Ahhasa of cionalis Seed hrb atm Indeterminate Herb stein sag sed Sagina spp. Seed 
eng sed CLAngeliea of cicnalu Fruit hyd sed H. edrocotyk rulgaria Seed sei epd SaLrornia Epufe mis 
aph sed Aphanea arrenlafi Seed bypsed Hypertcroe perforatwr. Seed sal sad Salicornia app. Said 
api sed Apireu sp. Fruit ind abs Indetemrtute Abscission surface sal stm Sailcornto stem 
arc sed Archon, sp. Fruit bed brk Indderminate Bark saso said Sambueusnlgra Seed 
ast sed Arta mpolwn Seed ind dir indetetmvute Charcoal six bso Salix sp. Budscale 
atp epd Atrip/exporiulacoidar Epidarms and epd lndetnudnate Epidermis six alp Salu sp. Capsule 
atp let Arriplexparalacetder Leaf ind brb Indeterminate Herbaceous matter she lef Seide sp. Leaf 
atp tot Atnples poredaeoides Root ind ind Indeterminate Indeterminate erbt sad Salta sp. Seed 
alp sed Atripla: portulaeoidei Seed ind mos Indeterminate Moss erbt sip Sale sp. Stipule 
stp aim Atr, iplaz pormlaeoidu Stan and per Indeterminate Periderm six twg Sall, ap. Twig 
six abs Ample poradacoides Abscission surface ind rhz indeterminate Rhizome sure aid Sawohur ºalerandl Seed 
atx lef Atripltx sp. Leaf lied rot Indeterminate Root solicit Solatwn dukanara Seed 
we rbz Atrrp/a sp. Rhizome ind stm I de ermmate Stem son sed Soncluu palwtrir Fruit 
six rot Atripke sp. Non-woody soot ind twg Indeterminate Twig spa sed Sparga"iUm ap. Sell 
atx sed Aniplx sp. Seed ind wod Indeterminate Wood spg sed Spergularia media Seed 
atx stm Amplee sp. Stem and wet Indeterminate Woody root spit let Sphagnum sp. Leaf 
bet bee Banda sp. Bract 6s rhz Irispeeudatones Rhizome apt sed Spartina Seed 
bet bsc Banda sp. Bud-scale irs red Iri: pseudaeorus Sed say set Scirpur dvatiew Seed 
bet eon Betu/a sp. Cone bract jefsed Jun Me Off"nw type Seed stg sad Sreiaria grmninea Seed 
bet let Benda sp. Leaf jna sed Jwcw owners type Seed all sad Sultana sp. Seed 
bet sat Brala sp. Seed jnb sad hweir byfardl: Seed stp sad Stellarie pahatn Seed 
bid sef Bldens eernua Seed jng sell . Irrem goardii Sot sue lef Suaeda Leaf 
bol sed Bolboschoenuasraritn ss Seed jum sed . hams evaritbnus Seed sussed Suuedu sp. Seed 
bol stur Bolboschoetus maririmus Stem jun epd hncus sp. Epidermis thin sad lhymw app. Seed 
btikf Beiulaerae Leaf junthz Jwieurap. Rhizome thy pin Thelyprerispahsais Pinnule 
Cal sed Callintche Seed jm rot . Iwieua sp. Root hi sed Trtgloeban maritimes Seed 
cap sell Caltha paburrdr Seed jun sed Amcw sp. Seed tyl tot Type 1 Root 
chn epd cL Cheeopodiaesas Epidermis jene eitre J ncus sp. Stem ty2 rot Typet Root 
dun sed Chenopodnee sp. Seed jus sed . huwutsulmodufow, Seed typ epd Tjplta sp. Epidemvs 
der cos Charoceae Oospore Ian sell Lernna sp. Fruit typ sad Tjpha sp. Seed 
cic sed Cienta vrosa Seed lien sad Limaewm sp. Seed/capsule urt sed Urtica dioico Seed 
cip sad Cbriua cf polare Fruit lye sod I, tropus europasus Seed val sad Ydertonila ojfitinaiis Seed 
eidlef Cladironmariaout Leaf lyssed Iyoimachiavulgaris Seed 
dd ritz Cladiwt mariseru Rhizome men sell Martha sp. Fruit 
eid sell Cladium mariacu: Seed mm rot Indeterminate Minetahsed root 
dd stur, C/adir n wartseus Stan mol sad Mclinia eaeridia Fruit 
coo sed Cochkaria sp. Seed mon lef bfonoeot Leaf 
as bac Co"ybo arefata Sodomie mom rhz Maecotyladon Rhizome 
era sed Coryfus awiuna Nutshell mon stur Monocot stem 
cm sad Connie sanguines Seed oet sad Oeeanthe app. Sod 
cri sed Cmiaegus sp. Fruit peu sed Prueedmum polustre Seed 
ax seid Cares sp. Seed phg lef Phrngmltes aaatralu Leaf 
cxd sed Carer cf drondra Fruit phg rhz Phragmires au: ndLr Rhizome 
nip sed Cararpanteulata Fruit phg sed Phragmltes australis Seed 
cm sed Carer reaota Fruit phg spk Phragmuas aur1rails Spi7tdet 
axu sad Cares c1 peadula Fruit phg aim PhraSmltu austraiis Stem 
cyp epd Cyperaceas Epidermis pea sed Poiygoruas seiculan Seed 
cyp lef Cyperoerae Leaf P4j sad Plmtago major Seed 
cyp mhz Cyperaceas Rhizome plm sed Pla itago maritana Seed 
oyp rot C>peraeeae Non-woody root pow epd Poaeeas Epidermis 
Cyp AM Cyperoesm Stem pow lef Poaeeas Leaf 
oys cap Caljmtegte sepler Capsule pow ft Poacoae Rhizome 
cys lef Calyategta sepime Leaf pot stur Poacrae Stem 
cysrhe Calywegia: apiura Rhizome pot seal Potmnogeioasp. Send 
cys sed Ca/wiegta sepiwe Seed pens sad Persicaria emaeabm Seed 
the kf Dicotyledon Leaf pm boo Prunus sp. Budscale 
decstur DteotsLdon stem posed Prwuaspinosn/padui Seed 
dry pin Dryopteriadditata Pustule ptased Porettillaan. nrma Seed 
de sed Elrocharu sp. Seed ptd pin Ptwidwn agailinum Pinnule 
elg sad Elogiton fwnans Seed pur rhz Pueoine/ia sp. Rhizome 
ely sell E/yntgia, rp. Seed pur sell Paecbufha sp. Seed 
eph sed Epaoboan hirnnum Seed puc stin Puceinehta sp. Stan 
epl sed Epifobneve sp. Seed qua bee Querout sp. Bud scale 
cup sed Euparor. uw cannabimee Fruit que lef Querem sp. Leaf 
fes sed Feaaca rubra Seed rya sell Raancubu arris Fruit 
61 rot Filieaks Rootlet ras sad Ratwrculua icekratua Seed 
eil sad FlLpetdula ubnaria Fruit tbf sell RubusAuticosua Seed 
tie spg Filicales Sporangia roe bso Rosaoeae Budswle 
Table 4.3 CANOCO abbreviations for macrofossil data 
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4.3 Stonemarsh 
4.3.1 Location and topography 
Stonemarsh (grid reference: TM 255 252) lies at the eastern end of Hamford Water 3km 
north of Walton-on-the-Naze, Essex, sheltered within a sand/shingle spit (Figures 4.2). 
The marsh does not lie on an estuary and so freshwater discharge is minimal. It was still 
included in the research because no other extensive, undisturbed, mature, creek- 
dissected lower saltmarsh was identified in estuaries visited during the preliminary 
fieldwork. 
4.3.2 Vegetation and surface litter 
Samples were collected from an aggrading creek-bed supporting a mosaic of mudflats 
and pioneer vegetation grading into lower-mid saltmarsh communities (Table 4.4, 
Figure 4.2). Pioneer vegetation consisted mainly of SM8 annual Salicornia community 
growing along creek edges and point-bars. This graded into SM10 transitional 
vegetation dominated by Suaeda maritima, Salicornia spp., Aster tripolium, Puccinellia 
maritima and Spartina anglica. Higher areas on the saltmarsh supported a mosaic of 
SM13 Puccinellia maritima community, SM13 Limonium sub-community and SM14 
Atriplex portulacoides community. The latter also dominated the higher areas of 
saltmarsh to the east and west of the sample site. 
Plant litter was sparse on all examined surfaces. The mudflats were generally 
devoid of surface litter, although a few stem fragments and leaves were occasionally 
present. Pioneer stands of vegetation contained only sparse stems of dead pioneer taxa 
such as Salicornia spp. and Snaeda maritima. Surface litter increased markedly in the 
more dense vegetation, dominated by stem and leaf matter, especially stems of the 
Poaceae taxa and the aerial parts ofAtriplex portulacoides. 
4.3.3 Sampling 
Seven 200cm3 samples from across the sample site were analysed, along with 14 
samples from Block 3. Block 3 was collected from a point par at the eastern edge of the 
site and had a sparse surface growth of Salicornia spp.. Samples were analysed from the 
mudflats (Samples 09/01/01,09/01/02) and creek edges (09/01/06) at the south of the 
site. Others were analysed from pioneer vegetation (Block 3,09/01/07 and 09/01/08), 
transitional vegetation (09/01/09) and the low-saltmarsh vegetation to the north 
(09/01/13). 
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Figure 4.2 Map of Stonemarsh showing sample points. Inset shows location of sample 
area (marked f) 
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4.3.4 Sediments 
Sediments at the site were silt-clay mixtures with variable quantities of medium to 
coarse sand and organic matter (Table 4.4). Sand was found in greater quantities in 
mudflat and creek edge sediments and was almost absent in the saltmarsh sediments. 
Organic percentage values were low, between 10% and 16% (Table 4.4, Figure 4.3). 
Low values were attained for the mudflats and pioneer vegetation stands. Sample 
09/01/06 returned the lowest organic and water content figures, perhaps as a result of 
increased oxygenation and drainage at the creek edge. Values increased in the more 
heavily vegetated marshes, as did the water content of the sediments. Both are probably 
correlated as the roots and other organic matter would be a major reservoir of water. 
Figure 4.3 Stonemarsh Organic Content and % water by weight 
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4.3.5 Incorporation, sources and preservation of macrofossils 
Macrofossils were preserved in all of the samples (Table 4.5), although some samples 
contained little classifiable material and few identifiable seeds. Non-seed macrofossil 
assemblages were dominated by rootlets, unidentifiable non-woody matter and aerial 
stem remains, especially of Salicornia spp.. Leaf remains were sparse, though some leaf 
fragments and epidermis fragments of Suaeda sp. and Atriplex pwrtulacoides were 
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preserved. The assemblages from samples on the mudflats and in pioneer Salicornia 
vegetation included substantial quantities of apparently allochthonous plant matter. This 
included wood fragments and vegetative Poaceae remains, probably introduced to the 
sample sites by tides and wind. The samples in Block 3 contained many woody root 
remains, almost certainly of Atriplex portulacoides derived from eroded sediments. 
Much of the plant matter in the mudflat samples was highly comminuted, although large 
fragments were occasionally present. 
Seed abundance in the 200cm3 samples varied between 17 and 158, with species 
numbers varying between 2 and 5 species per sample (Figure 4.4). Seed abundance and 
concentration were higher in the sediments from the more highly vegetated, tidally 
isolated areas, seed concentration being comparable to other similar depositional 
environments. The species concentration figures obtained from the creek edge sample 
(09/01/06) were higher than those of other 200cm3 samples from the site (Figure 4.5). 
Most seeds were from plants present within 5m of the sample point (Figure 4.6), 
and those from mudflat and pioneer vegetation were mainly from the taxa growing 
closest to, but not necessarily at, the sample point. Sample 09/01/06 contained many 
taxa present across the site, although the most abundant taxon was the closest plant to 
the sample point. In all other samples, with the exception of sample 09/01/13, 
allochthonous taxa contributed little to the assemblages. This sample was dominated by 
Suaeda seeds, a taxon absent from the vegetation records, although present several tens 
of metres away from the sample point. Rubus idaeus and Carex were the only seeds 
recorded in the sediments deriving from plants unrecorded at the site. Both are unlikely 
to have been present within 0.5km of it and both were found in samples on the creek 
edges, sample points that were most affected by the tide. They contributed relatively 
few to the overall seed sums. 
Sample ubiquity is shown in Figure 4.7. Samples from the mudflats and creek 
edge contained a greater proportion allochthonous species and the only seeds not to 
have derived from recorded vegetation. Seed assemblages in the vegetated sample 
points were dominated by autochthonous taxa and contained 60-80% of the taxa in the 
standing vegetation. The theropyhtes Salicornia, Srraeda and Spergularia were 
favoured, with Puccinellia commonly being absent. The best representation of species 
was in sample 09/01/13 where 80% of the taxa were present. Identified taxa in the non- 
seed assemblages from the mudflat samples were all allochthonous, although all were 
recorded in the nearby marsh vegetation. The creek edge sample contained 
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allochthonous and autochthonous taxa. Non-seed assemblages from the vegetated 
marshes contained only autochthonous taxa, although 33% - 67% of the taxa were 
absent from the non-seed assemblages in samples 8,9 and 13. 
4.3.6 Sample size effects 
Seed assemblages from all surface samples in Block 3 were composed solely of 
Salicornia sp., providing little information about representivity of the assemblages. 
Seed abundance of this taxon increased with sample size, the smallest abundance 
coming from 12.5cm3 samples. The concentration of seeds (number per cm3 sediment) 
in the samples from the surface of the block (301 - 318) varied between 0.360 and 
0.790, although those from the 50cm sample were close to the mean concentration of 
0.436. This and the fact that seed concentration also stabilised at sample sizes above 
50cm3 (Figure 4.8a) suggests that in larger samples the seed assemblage are 
representative. A cumulative abundance diagram for non-seed macrofossils was plotted 
and showed very stable macrofossil abundance from low volumes of 50cm3 (Fig. 4.8b) 
and achieved similar relative abundance from 25cm3. Variation in the assemblages was 
within the observation errors of the recording method and the assemblages are thought 
to form representative samples of the population. 
4.3.7 Quantitative analysis 
Variability was limited in a CA of the seed assemblages (Figure 4.9a), with the first axis 
accounting for 64.4% of the variation and the second a further 16.5%. Samples 06,09 
and 13 were separated along the first axis because they contained Puccinellia, Suaeda 
and Limonium seeds in addition to the large values of Salicornia and Suuaeda seeds seen 
in the main sample group. Samples 02 and 06 were separated along the second axis 
because of the presence of the allochthonous Rubus idaeus and would have been 
distinguished further if the other rare types had not been removed for analysis. 
Spergularia seeds were also removed and their inclusion would have separated sample 
13 further. The main separation was between those samples from the heavily vegetated 
areas and those open to more allochthonous inputs that generally had a higher seed 
diversity. The CCA (Figure 4.9b) showed that the vegetation was not well correlated 
with the seed abundance. Only in the case of Limonium and Puccinellia were some seed 
and standing vegetation records matched. Open ground was correlated with the presence 
of Rubus idaeus. Suaeda standing vegetation records and seed abundances were 
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particularly badly correlated. Salicornia seeds were well dispersed and present when 
often a minor or missing vegetation element, however, larger sample composition was 
usually associated with local stands of the vegetation. 
CA of non-seed macrofossils (Fig. 4.10a) produced a large homogenous cluster 
of samples from the block, with the other samples separated along the first and second 
axes in groups approximating to the environmental position. The eigenvalues were low 
for this analysis, among the lowest of the whole project, showing a small statistical 
difference in the non-seed cover abundance values. Atriplex portulacoides components, 
Suaeda leaves, Poaceae components, indeterminate stem and rhizome were the main 
positive components of the first axis. The non-block samples contained larger quantities 
of these remains, with the block samples distinguished by the larger quantity of rootlets 
and woody components. Mudflat samples 01 and 02 contained a mixed assemblage of 
non-seed macrofossils, with small quantities of rootlets. Larger quantities of stem 
material and Suaeda leaves separated the creek edge sample 6 and the pioneer 
vegetation in samples 07 and 08. The transitional sample 9 contained large quantities of 
Poaceae stem components and rhizomes, both deriving from the local sward of 
Puccinellia. Sample 13 was well separated by the presence of Atriplex porlulacoides 
leaves and roots. The block samples were separated from the others by the high values 
of indeterminate matter, especially the wood and epidermis fragments. 
CCA of the assemblages (Figure 4.10b) showed a correlation between 
Salicornia presence and stem remains (including epidermis). Atriplex portulacoides 
presence was also well correlated with the preservation of leaves of the species. 
Puccinellia and Spartina were only correlated with macrofossil equivalents (Poaceae 
stem and epidermis) in the areas where the taxon was abundant. Sziaeda was poorly 
correlated with the presence of its leaves. 
A CA of the combined data (Figure 4.114) split the samples into groups 
corresponding to mudflat, pioneer vegetation, transitional vegetation and marsh 
environments. Again the eigenvalues were low showing that the sample composition 
varied little. Samples from the Block were clustered near the axis on the negative side of 
the first axis with high values of indeterminate matter, wood and Salicornia 
components. The other samples were separated by the presence of large quantities of 
specific macrofossils, such as Puccinellia seeds, Atriplex portulacoides components and 
Suaeda leaves. Samples 01,02,06,07 and 08 were only separated along the second axis 
on the basis of the lower counts, among others, of the rootlets and well dispersed items 
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Figure 4.9a Correspondence analysis of seed data from Stonemarsh 
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Figure 4.11a Correspondence analysis of seed and non-seed data from Stonemarsh 
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such as Rubus seeds and Suaeda leaves and the presence of eroded stem material in 
samples 07 and 08. All of these are indicative of exposure to greater tidal exposure and 
that is the main environmental difference picked out by the quantitative analysis. 
Several macrofossil components showed a reasonable correlation with standing 
vegetation occurrences in a CCA (Figure 4.1 lb). These included Salicornia stems and 
leaves, A triplex portulacoides rootlets and Puccinellia seeds. Suaeda seeds were poorly 
correlated with presence of the species in the vegetation. Had they been included in the 
analysis, the seeds of Spergularia and leaves of Atriplex portulacoides would have been 
highly correlated with the vegetation records. 
4.3.8 Differences in depositional environment 
There were broad differences between samples from the different depositional 
environments. Those from the mudflats and creek edge contained the lowest overall 
quantities of macrofossils, often containing heterogenous assemblages of poorly 
preserved remains. These assemblages contained the highest proportion of 
unidentifiable matter, although all of the samples contained substantial values. The 
creek edge sample contained large quantities of seeds, with allochthonous as well as 
local taxa likely to be represented. The vegetated areas of the saltmarsh contained 
progressively larger quantities of plant remains, especially well preserved rootlets, 
stems and leaves. Seed concentrations also were higher in the vegetated areas. Much of 
the variability between the vegetated areas was due to the characteristics of the taxa in 
the standing vegetation. 
4.3.9 Vegetation representation 
Seed presence and abundance neither directly nor accurately reflected the presence nor 
abundance of taxa in the standing vegetation at most sample locations. In most cases, 
however, the seeds of plants dominant in the local vegetation were the most ubiquitous 
seeds in the sample set and usually dominated sample composition. One problem at this 
site was the low incorporation rates. Sample size was small and only 3 samples passed 
the target of 100 seeds used as a minimum figure for a representative assemblage. The 
conclusions drawn here do, therefore, have to be taken with the proviso that the samples 
may be unrepresentative. In the mudflat and block samples the seed assemblages were 
usually dominated by important elements of the nearby vegetation. The seed 
assemblage from 09/01/06 on the creek edge consisted of a cross-section of the taxa 
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present across the marsh and included several allochthonous taxa. Samples 07 and 08 
contained similar assemblages, lacking Puccinellia, which was present in the 
vegetation. Puccinellia seeds were only present where the plant was a major vegetation 
element, although it was under-represented in transitional sample 09, a sample 
dominated by therophyte seeds. Several taxa were not represented in the macrofossil 
assemblages in 09/01/09 and 09/01/13, including the dominant, Atriplex portulacoides, 
in the latter. Most other absent species were usually minor vegetation components. 
Salicornia was usually over-represented and was widely dispersed across the 
sample area, even in the absence of the plant, although large quantities of the plants 
seeds were only present where the plant grew. Suaeda was similarly widely spread but 
present in smaller quantities, apart from sample 13 which it dominated, although there 
was little sign of the plant locally. These species are therophytes, reproducing by seed 
alone. The over-representation and wide dispersal of these taxa may, therefore, reflect 
abundant seed production and successful seed dispersal mechanisms in the intertidal 
zone. Taxa which reproduce by both vegetative growth and seed, including the 
geophytes (e. g. Puccinellia) and Chaemophytes (e. g. Atriplex portulacoides), were 
usually underrepresented in seed assemblages as were the perennial Dicotyledonous 
herbs, especially Aster. 
Non-seed macrofossil abundance also proved to be a poor indicator of the 
abundance of plants in the local vegetation, although the most abundant local taxa often 
featured prominently in the macrofossil assemblages. An exception was Atriplex 
portulacoides which, even when locally dominant, was a minor macrofossil component. 
Atriplex was best represented by its roots and leaves. Salicornia stem remains tended to 
be abundant when that taxon was present in the local vegetation. Suaeda leaves were the 
only preserved non-seed macrofossil of the taxon and were found even where the taxon 
did not grow, showing that the macrofossils are well dispersed. Poaceae stem and 
epidermis remains were only abundant when taxa from the family (e. g. Puccinellia) 
were present locally. The best-represented taxa in the non-seed assemblages were the 
geophytes with widely spreading stem and root systems. Again Dicotyledonous herbs 
and the lone Chaemophyte were under-represented, as were the Therophytes. 
The block samples contained only Salicornia seeds and the only large 
assemblages of woody material on the site, the latter almost certainly from Atriplex 
vegetation lying adjacent to the site. The unusual composition may be a result of the 
differential effects of sedimentation processes on the point bar, with the buoyant and 
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durable woody components being the only allochthonous macrofossils to be able to 
endure the constant water-movement and drying of the bar with tidal movement. 
4.3.10 Sub-surface samples from sediment blocks 
Sub surface sediment samples from block 3 (samples 333 - 337) showed increasing 
quantities of unidentifiable material and lower stem and rootlet abundance with depth, 
probably reflecting the earlier open mudflat environment. Seed assemblages were 
similar to those on the surface mainly containing the seeds of Salicornia, although 
lower samples included occasional other taxa. Seed abundance stayed static and species 
abundance was slightly higher in the lower samples. The seed and species concentration 
figures were among the lowest in the site. All of this supports the idea that the block 
shows increasing terrestriality towards the top of the profile and that recent 
developments at the site through sediment accumulation and vegetation invasion caused 
the differences between the surface and lower samples. 
4.4 Borstal Marsh 
4.4.1 Location and topography 
Borstal Marsh lies on the River Medway near Rochester, Kent (grid reference: TQ 
730673) (Figures 4.12a and b) on an aggrading reach of the river beneath a low chalk 
cliff. It includes a transition from mudflats through pioneer vegetation to low and mid- 
saltmarsh communities. The surface is inundated daily by the tide, although inundation 
of the upper reaches is restricted to spring tides only. A dry, non-saline ridge at the 
landward edge of the marsh supports non-halophytic plants, including Taraxacum spp. 
and various terrestrial grasses. A creek system is only slightly developed and the marsh 
sloped gently towards the waters-edge from the base of the dry ridge. The site is a close 
analogue to the Medway Tunnel floodplain site discussed in Chapter 5. 
4.4.2 Vegetation and surface litter 
Mudflats exposed at the river-edge (from ca. 70m) were colonised at a distance of 60m 
from the cliff by a sparse SM6 Spartina anglica and SM11/12 Aster tripolium 
communities with extensive patches of bare open ground (Table 4.6). SM10 
Transitional saltmarsh vegetation at 50m was succeeded by dense SM13 Puccinellia 
maritima community sward from 40m. Puccinellia maritima was mixed with Atriplex 
portulacoides and occasional plants of Triglochin maritimum. SM11/12 Aster tripolium 
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Sample 1 2 3 4 5 6 7 8 9 10 
Sample size 200 200 200 200 200 200 200 200 200 200 
Distance 70 65 60 58 50 40 30 20 65/5s 60/5s 
Talon Component 
Seeds etc. 
1. Local taxa. 
Aster tripolium Fruit 1 34 41 4 13 11 
Atriplex sp. Seed 2 3 7 
Puccinellia sp. Fruit 2 75 112 
Puccinellia sp. Spikelet 14 
Salicornia sp. Seed 4 5 
Spartina Fruit 7 11 5 9 
Suaeda sp. Seed 4 1 9 3 
Triglochin maritimum Seed 11 5 
2. Other taxe. 
Alnusglutinosa Seed 2 3 1 1 
Callitriche sp. Seed 1 
Juncus acutus type Seed 1 1 5 
Juncus bufonius Seed 1 2 
Polygonum aviculare Seed 1 
Sagina sp. Seed 1 
Urtica droica Seed 2 1 1 
Lemna minor Leaves 23 4 2 2 27 13 
Poaceae Ligule 2 1 2 
Salix sp. Stipule 3 2 
Indef. Moss leaf 1 
Non-seed macrofossils 
cf. Chenopodiaceae Epidermis 0.73 
Cyperaceae Rootlets 0.2 0.2 1.53 0.99 
Poaceae Epidermis 9.25 2.4 1.56 9.8 2.81 3.2 1.67 5.93 0.94 
Poaceae Leaf 1.12 0.87 10.8 6.53 
Poaceae Stem 7.03 2.53 42.1 4.8 5.1 1.4 3.13 4.59 
Poaceae Rhizome 15.6 55.36 51.87 62.07 
Type I Rootlets 2.82 3.28 2.8 1.83 51.47 35.54 44.53 34.2 2.2 2.99 
Quercus sp. Leaf 0.12 
Salis sp. Leaf 1.8 
Sphagnum sp. Leaf 1 
Dicotyledon Leaf 0.51 0.6 0.4 
lndet Stem 4.35 30.67 5.94 
Indet Wood 2.67 
lndet Indef. 80.29 91.04 58.73 51.8 6.07 77.27 84.14 
Indet Periderm 1.15 1.47 
Indd.. Epidermis 0.75 
Various seeds 0.1 0.6 0.4 0.7 
Derived indices 
Seed abundance 7 2 12 9 46 61 100 150 25 5 
Species abundance 3 1 3 3 3 5 5 5 7 4 
Seed concentration 0.035 0.010 0.060 0.045 0.230 0.305 0.500 0.750 0.125 0.025 
Species concentration 0.015 0.005 0.015 0.015 0.015 0.025 0.025 0.025 0.035 0.020 
Table 4.7 Borstal Marsh plant macrofossil data and derived indices 
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vegetation was recorded in the landward depression. Vegetation on the cliff was tended 
parkland dominated by trees and shrubs, including Quercus roher, Prunu spinosa, 
Fraxinus excelsior and Acer pseudoplatamis. 
4.4.3 Sampling 
Samples of 200cm3 volume were collected along a transect from the mudflats to the cliff 
base at approximately 10m intervals (samples 1- 8), although samples were collected at 
closer intervals when the vegetation changed (Figure 4.12b). Samples 1 and 2 were 
from the mudflats at the river edge, with samples 3 and 4 from the transitional 
vegetation and samples 5-8 from dense marsh vegetation. A second pair of samples 
from the mudflat/pioneer vegetation were collected to the south of the main transect 
(samples 9 and 10). No samples were collected from 20 - Om from the cliff because of 
considerable disturbance (caused by vehicles) at the cliff-edge and the lack of 
macrofossils in the aerobic soils of the ridge at the cliff base. 
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4.4.4 Sediments 
Sediments were all fine-grained silt-mud mixtures and lacked sand components (Table 
4.6). Sediments lying between 50m and the river-edge contained little obvious plant 
content, while those lying between 50m and the cliff base contained rootlets, often 
forming dense root mats. The paucity of incorporated organic matter is reflected in the 
loss-on-ignition figures (Fig. 4.13), all of which were below 30%, with those on the 
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mudflats being as low as 15%. A peak in the LOI figure for sample 3 may be caused by 
the presence of the roots of a locally dense sward of Spartina. The increase towards the 
cliff is the result of the presence of plants with extensive, dense root systems. Sediment 
water levels also increased towards the cliff base, being uniform in the mudflat samples. 
4.4.5 Incorporation, sources and preservation of macrofossils 
Macrofossils were preserved in variable quantities across the site (Table 4.7). The 
mudflat and transitional samples (1-4,9-10) contained small quantities of poorly 
preserved and unidentifiable material and small seed densities. Seed abundance 
increased markedly towards the cliff edge (Table 4.6), although seed 
density/concentration remained below 0.8 seeds per unit sediment, similar to the 
riverward end of the Snape transect (see below). The species concentration was low at 
the mudflat fringe (0.015 or below (Figure 4.14)), rising to 0.035, again at the lower end 
of the range seen at Snape. The seeds in samples on the mudflats were largely from 
species absent in the area (Figure 4.15), indicating the influence of tidal processes on 
seed assemblage composition. The landward samples contained seed assemblages 
composed mainly of local seeds from plants within 5m of the sample point or on the 
marsh. The population of seeds used to plot Figure 4.15, especially those from the 
mudflats, was small and the conclusions drawn from them must be treated as tentative 
only. 
Non-seed macrofossil assemblages also showed strong tendencies at each end of 
the transect. The mudflat samples contained little identifiable plant matter, cover 
abundance figures for some samples being composed of up to 90% unidentifiable plant 
matter. Only samples 5 and 6 contained greater than 20% cover abundance of stem 
material, reflecting the local growth of plants. These transitional zone samples varied 
little from the mudflat samples in any other way. Other identifiable matter present in 
small quantities only in the mudflat samples included Poaceae leaf and epidermis 
fragments, rootlet fragments and a single piece of Chenopodiaceae epidermis, possibly 
from nearby Salicornia and Suaeda stands. Fragments of Quercus and Salix leaves were 
also identified in the mudflat samples, along with the only wood in the sample set. 
Assemblages from the landward samples contained larger, less fragmented macrofossils 
than those from the mudflats. Most plant material in the marsh samples (5-8) was 
classifiable, if not identifiable. Rootlets and stem/stolon sections from Poaceae taxa, 
presumably Puccinellia, dominated assemblages. 
Figure 4.14 Borstal Marsh seed and species concentration data 
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Figure 4.15 Borstal Marsh: Percentage of seeds at set distances from the 
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Mudflat samples 1,2 and 9 contained seed assemblages with allochthonous 
species only, mainly from taxa not recorded in the vegetation near to the sample sites 
(Figure 4.16). The other samples contained a mixture of allochthonous and 
autochthonous taxa, with the former contributing a major element to the site's flora, 
although the taxa preserved in the vegetated marsh samples were usually from nearby 
vegetation. Samples 3,4 and 10 contained the most unrepresentative assemblages from 
the vegetated areas in terms of species presence. This may be due to the openness of the 
vegetation and, therefore, the high potential for tidal disturbance. Samples 5-8 
contained many autochthonous taxa and allochthonous taxa were largely from the 
nearby vegetation. All of the local taxa were recorded in these samples, with the 
exception of sample 5. The taxa in the non-seed assemblages from the mudflats and 
marginal marsh samples were mostly allochthonous, although samples 3 and 10 
contained some autochthonous taxa. All of the recorded taxa in non-seed assemblages 
from the vegetated marsh samples were autochthonous, with only a few taxa being 
commonly recorded. 
Figure 4.16 Borstal Marsh Sample Ubiquity Data 
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Samples from Borstal contained small quantities of allochthonous vegetative and 
woody remains as well as allochthonous seed and fruit remains. Among the 
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allochthonous remains were many plants of Lemna minor. The large allochthonous 
component, and these finds in particular, is directly attributable to tidal influence. There 
was little evidence of any input from the cliff top. 
4.4.6 Quantitative analysis 
Many of the seed assemblages contained few seeds and only two the minimum 100 
seeds necessary for analysis. The CA results, are then, highly suspect (Figure 4.17a). 
The eigenvalues were low, as with all of the analyses and the samples were split into 
two broad groups along the first axis. Samples from the mudflats and open 
environments were separated on the presence of a wide range of allochthonous taxa. 
Only samples 3,5,6,7 and 8 were found to have high values of seeds derived from 
allochthonous taxa. Samples 5 and 6 were separated from the rest on the basis of the 
presence of Aster seeds. CCA (4.17b) showed that only Puccinellia and Atriplex 
prostrata seeds were correlated to occurrences in the standing vegetation. Open ground, 
in this case in the mudflat and open vegetation samples, was correlated with the 
allochthonous taxa scores. 
CA of the non-seed macrofossils produced a split that was closer to a visual 
division of the data (4.18a). Samples 5-8 were separated along the first axis from the 
others on the basis of large quantities of Poaceae components, especially rhizome 
fragments, and Type 1 rootlets. Mudflat and transitional samples were characterised by 
a wide diversity of inclusions and low quantities of the Poaceae components and roots. 
Division within the mudflat and transitional samples was on the basis of small quantities 
of rare components. CCA showed that only the main Poaceae species, Puccinellia, was 
correlated at all with macrofossil components (Figure 4.18b). Other taxa from the most 
heavily vegetated parts of the marsh were missing and the mudflat samples, mainly 
recorded as open ground, were correlated with a wide array of indeterminate and rare. 
This repeated and coherent pattern was repeated in the CA and CCA of the 
combined seed and non-seed data (Figures 4.19a and b). In this the seeds of the main 
dominants at the higher part of the marsh and the subterranean structures were found to 
have high spatial fidelity. Aerial non-seed components, seeds from Aster and lower 
sample point taxa were less well correlated with standing vegetation, showing the 
influence of tidal movement on the macrofossil record. The coherent division of these 
depauperate macrofossil assemblages by quantitative methods was surprising and 
suggests that even low abundance data may of interpretative value. 
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Figure 4.17a Correspondence analysis of seed data from Borstal Marsh 
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Figure 4.17b Canonical correspondence analysis of seed data from Borstal Marsh 
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Figure 4.18a Correspondence analysis of non-seed data from Borstal Marsh 
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Figure 4.19a Correspondence analysis of seed and non-seed data from Borstal Marsh 
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4.4.7 Vegetation representation 
Seed assemblages recovered from many of the samples were depauperate and, with the 
exception of samples 5-8, were possibly unrepresentative of the seeds present in the 
sediments. Ordination and interpretation of seed abundance in samples 1-4 and 9-10 is 
difficult because of the small quantities of seeds incorporated. There was no definite 
association between vegetation and seed abundance in the transitional samples (3 and 4) 
and the only characteristic of the samples was the preservation of a wide range of taxa 
and fossil types. The seeds ofPuccinellia, with smaller quantities of Aster, Spartina and 
Suaeda dominated samples 7 and 8. The latter two species were not found at the sample 
point, but were present in vegetation 10m distant. In these samples the taxon dominant 
in the vegetation was also dominant in the seed assemblages, although the other local 
taxa, Aster tripolium and Atriplex portulacoides were absent or under-represented. 
Only the most landward samples contained seed assemblages showing some 
similarity to the standing vegetation. The considerable tidal influence is the main reason 
for the distorted picture of the vegetation in the seed assemblages further towards the 
river. Seed assemblages from nearer the river were less and less reliable, containing 
many allochthonous taxa from several habitats. 
Identified non-seed macrofossils from samples at the river-edge provided little 
information about local vegetation. Much of the material was unidentifiable. Even the 
large pieces of plant matter incorporated in the samples were usually unidentifiable or 
derived from aerial litter of nearby, but non-local vegetation. Possible indicators of low 
vegetation cover abundance or lack of vegetation altogether are plant macrofossil 
fragmentation, general low macrofossil incorporation and low rootlet abundance. The 
dominant Aster tripolirim was not identified in the non-seed assemblages and the small 
fragments of Dicotyledonae leaf in the river-edge samples were allochthonous. Remains 
of the local vegetation dominant Puccinellia dominated the landward sample 
assemblages, although the macrofossils were only identifiable to family level. The 
landward samples show a bias towards the preservation of taxa with dense root systems 
and extensive horizontal stem networks. Other perennial herbs, such as Aster tripolium, 
were not identifiable in the non-seed macrofossil assemblages at all. 
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4.5 Angel Marsh, Walberswick 
4.5.1 Location and topography 
Angel Marsh lies on the southern bank of the River Blyth near Blythburgh, Suffolk 
(grid reference: TM 458752). It includes a wide swathe of unvegetated mudflats grading 
into low- to middle saltmarsh and reedbeds (Figures 4.20). Low flood defences at the 
edge of heath and pine-woodland to the south and west truncate the marsh vegetation. 
The marshes are well developed and dissected by creek systems that become 
increasingly complex towards the main river channel. Measurements using a dumpy- 
level showed that the marsh surface varies in height by only 20cm over a distance of 
240m. Creek bottoms and mudflats were 30-40cm lower than the main marsh surface. 
4.5.2 Vegetation and surface litter 
Vegetation is zoned from reedbeds at the landward edge through several low-middle 
saltmarsh communities and pioneer vegetation at the saltmarsh edge (Tables 4.8 and 
4.9). The landward edge of the marsh is fringed by a dense stand of S4 Phragmites 
australis swamp community, standing up to 2.5m high in many places. Phragmites was 
also actively colonising mudflats and creek-edges. Towards the river Atriplex 
portulacoides formed an increasingly dense understorey to the Phragmites which 
thinned and became shorter. At the edge of the main reed stand Juncus gerardii was 
common. A thick deposit of Phragmites detritus was present at the reedbed edge in 
several places (sampled in Transect 2), which was formed by tidal action. 
Beyond the reedbeds lay a mosaic of low-middle saltmarsh communities. 
Dominant among these were the SM13 Puccinellia maritima community, SM14 
Atriplex portulacoides community and SM16 Festuca rubra Juncus gerardii sub- 
community. Of more restricted distribution were patches of SM13 Puccinellia 
maritima, Limonium sub-community, SM9 Suaeda maritima community, SM8 
Salicornia community and SM6 Spartina anglica community, the latter being more 
common nearer to the mudflat edge. Several other species, including Plantago 
maritima, Triglochin maritima, Glaux maritima, Aster tripolium and Sarcocornia 
perennis, were distributed throughout the dominant taxa. Marginal vegetation on the 
dryland fringing the marsh included Alnus, Quercus, and Pimus woodland and pasture. 
Alnus glutinosa and Rubus fruticosus agg. seedlings were recorded growing in the peaty 
Phragmites detritus at the landward edge, although there was no evidence for the 
persistence of either species in the marsh. 
161 
00 
11 ýt N 
V 
ýOý 
', 
> 
. 
" 
ý7 "" 
> 
y, 
Yct 
\ 
"" 
/ 
> 
7 
Qz 
WWW 
. 
K, 
_ 41 
77 c 
7 
QZ 
lu r. 
A 
G 
b 
i 
> 
tiC 
td 
CQ 
O 
td 
0 
a 
aU 
a I 
0 
0 
GA 
rA 
C]. 
ed 
"a 
it 
.. r 
ýyy 
N 
4, 
w 
- -N ÖM 
1 
2 
Ng 
V'Y 
N 
Vl 
. 
`:.. O ýO .+ pN p 
t\1 
WN ' p 
q 
s 
N ýý b V 
i . 
en Q . 
°.. 1A 
+ 
hN 
ýQO 
N ßi1 
+ 
00 
rÖ 
y 
00 
O 
ýy t 
co 2 0CK fli n 00 
"a ý 
+ 
tr W% vii t 
h N 
n o 
° p V 40 b 
10 
9 
ca 
ýO --d 
h 
N Vl N 00 N Q 
V 
O^ ^ V 4) 
5 N ' RE 
(71 
s 
I? 
a 
Vý 
8 
y o N N 
o 
yý fx N 00 
2 00 gPP 
¢ 
0% a N by 
h ,i 
b 
. p e! L v Ö d Ö ("y 
+ N P. E sp . 
ý+ 
00 
" 
45 p N 00 4-ý 
C V1 
N 
v1 
6 
Va 
r .+ pV 
M %0 
M N 00 %n et N 
C1Ö-! W N Wi 
0) 
00 
pr pV 
+ 00 
w1 M a V1 
NNný 0% ON ö ., v y In N Z 
P4 e An sßä In .- 
1w 
13, ý arýý yýah 
162 
163 
00 00 op 
N1 N Qy" NON 
+N_ 
1ý ýV pes(, O 
--M 
NNN Oý hN ein oQ9 .. 
.r e`I 
W% -e 2s 
2 
> t- O, Nh 
NQ 
QO 'y' 
,r e`1 
aT N Pa Ne cý T 00 N V% MN 
N 
M 
MONN O% M W% 
MN 
ýr 
en 00 
ý 
{-ý NVN 0% MN 
+ 00 
e- 
00 
M- of 
NN 12 NN 
phN 
NN 
MOr 00 
N a' 
OhM 
tý 
c4 
00 CD 
92Wh 
CO 't hh 
e 
Z: ýý ý+ 
h$f 
e4 "'ý 
dh_ ein 
r" 
"+ 00 00 V1 00 00 
N 
Nýp O 00 
Nh 
V% O ßi M r! 00 0% NhN0 00 M 
NOha 
11-2 
NO 
7O0 ein h 0% N 'D NMM 
(A O 00 
ý 
NNN }i 
N%O 
00 
9Ot 
j y° e a° 
öE 6b IH'' 
8 
'$ dF1Ec 
4 d' v° 
6M 
r rd 
g o v0n N öö 
N e 
ö g 
e r a h 
W 
E aa N 
öa s ö 
 AN p 
V 
W v1 
ÖO 
aal ý a 
Eä n` CI CI 
EE E 
ßäg g 
rr v °v 
9 
r ö 
eE ý6 
g 
aý 4 v, 
'3 
c 0. cýý "° 
q 
h'yýYti 
.r v aý 
"Ci 
UQ 
id 
r. + 
"0 
"ti 
Ný+ 
"d 
ti 
O 
GQ 
GQ 
'd 
t+ y 
y1. 
y t6 
N 
aQ 
N 
Co 
F 
164 
Litter in the reedbeds was dominated by Yhragmiles stem and leaf remains. 
Litter was sparser in the saltmarsh, mainly consisting of Monocotyledon stem material 
and leaves of the local dominants, especially Atriplex hortn/ucoides. Aerial parts of 
many of the perennial Dicotyledon herbs and Monocotyledon rosette plants were 
observed to decay rapidly in situ without being shed. The mudflats and creek bottoms 
contained little surface debris, usually only occasional stem fragments. 
4.5.3 Sampling 
Samples were collected from two transects. Transect I was at the western end of the 
marsh and included a transition from reedbed through to low-mid saltmarsh, terminating 
at the marsh edge. Samples of 200cm3 were collected along the transect and across it 
into the adjacent creek (Figure 4.20). Blocks 1 and 2 were collected from a stand of 
A triplex portrilacoides and the adjacent reedbed respectively. Samples of 200cm3 were 
collected along Transect 2 from the flood defences across the transitional reedbed zone 
through various saltmarsh zones to the marsh edge and mudflats. 
Figure 4.21 Angel Marsh organic content and % water 
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Silt-clay mixtures with varying amounts of incorporated detritus (Table 4.8 and 4.9) 
were observed across the site. The exception was at the very southernmost edge of the 
reedbeds (Transect 2) where a thick herb peat had developed consisting of Phragrnites 
stem, leaf and rootlets in a matrix of silt and degraded Subsia, rticz humosar. A sample 
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from this peat (23) consisted of 65% organic matter in comparison to most other 
sediments with values of 10-30% (Figure 4.21). Organic incorporation decreased across 
the marshes from the reedbeds in Transect 2 with the lowest values seen in the creeks 
and mudflats. There was little variation in the organic values from Transect 1, although 
values decreased slightly in the creek edge. Water content was highest in the organic- 
rich sediments and those from the creeks. 
4.5.5 Incorporation, sources and preservation of macrofossils 
Macrofossils were preserved throughout the sample set (Table 4.10 - 4.13). The most 
abundant assemblages were preserved under Phragmites stands in each transect area, 
with progressive reduction in macrofossil incorporation towards the marsh edges. 
Macrofossils were often highly degraded. Creek and mudflat samples contained few 
plant remains that were badly preserved and fragmented in comparison to the saltmarsh 
samples. 
Floodplain samples from Block 2 and Transects 1 and 2 contained abundant 
rootlets, including those of Atriplex portulacoides, recognisable in these samples, but 
unlikely to be so in ancient material. Woody roots of the species were also preserved in 
small quantities. Monocotyledon stem remains were a major element of the assemblages 
in Block 1 and several samples in Transects 1 and 2. Monocotyledon leaf remains were 
preserved in several samples, but usually in small amounts and Dicotyledon leaves, 
mainly Atriplex portulacoides, were often preserved in Transect I and Block 1 beneath 
growth of the plant. Atriplex stem fragments were common, especially in Block I and 
Transect 1. Mudflat and creek samples often contained substantial quantities of 
unidentifiable, comminuted plant material. Epidermis fragments were preserved 
sporadically throughout the samples in small quantities. 
Seed abundance was usually low and comparable to other similarly situated 
estuarine habitats. Seed concentration varied from 1.8 to 0.02 in the transect samples, 
with widely divergent values in the blocks, although most samples in the whole set had 
values between 0.2 and 0.9 (Figure 4.22). Species concentration usually was below 0.10 
seeds per unit sediment, although values were much higher and more variable in the 
small, unreliable Block samples. Lowest seed incorporation rates were in the mudflat 
and creek samples. The highest transect values were from the section of marsh in which 
abundant seed producers Juncus gerardii were found. 
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Most seeds were from plants found within 2-5m of the sample point in the 
vegetated marshes (Figure 4.23). Allochthonous seeds formed 0-20% of the floodplain 
sample seed assemblages, but were often more numerous in mudflat and creek samples 
as were seeds unrecorded in the local vegetation. In both transects the proportion of 
seeds derived from taxa between at least 5 and 50+m distance increased towards the 
marsh edge. Block 2 contained allochthonous seeds from several taxa, but they were 
minor components being swamped by the seeds of the local dominant Phragmites. Most 
of the non-seed macrofossils were from the marsh, although a fragment of Almfis leaf 
and several Lemna plants were found in some samples. These fragments were always 
sparse and were present even in the high marsh, showing the depth of tidal penetration. 
Sample ubiquity data is shown in Figure 4.24 a and b. Seed assemblages 
contained a large proportion of allochthonous taxa, although many were from local 
vegetation. A large number of taxa were present in small abundance that grew outside 
the marsh. Local taxa were dominant in the creek and mudflat seed assemblages. Many 
taxa were missing from the seed assemblages, especially in the more open saltmarsh 
vegetation, and a greater proportion of taxa were absent from the samples near the 
marsh edges. Non-seed material was mostly derived from autochthonous taxa. Mudflat, 
creek and saltmarsh edge samples were the exception, although most preserved taxa 
were present in nearby vegetation. These latter properties can be attributed to the effects 
of tidal movement. As with other sites, the non-seed assemblages were dominated by 
the remains of the most abundant local taxon and many taxa were missing, especially 
the Dicotyledon herbs. As with the seeds the proportion of missing taxa tended to 
increase towards the marsh edge and in the creek and mudflat samples. 
4.5.6 Sample size effects 
As in other sites, seed and species abundance increased with sample size, although the 
trend was not uniform and both the seed and species abundance ranges overlapped. 
Cumulative macrofossil abundance for the main identified taxa tended to stabilise at 
sample volumes of 50cm3 and above (Figures 4.25). The seed data for Block 1 varied 
most, although by 50cm3 the main species were present and in correct rank order. Non- 
seed data in both sites was stable when both whole assemblages were plotted and after 
removal of the most abundant taxa were removed (Figure 4.26). As with other sites, 
larger samples included more of the less common taxa, but even small samples correctly 
identified the most abundant taxa. 
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Fig 4.25a Angel Marsh Block. l: Cunuºlativc pc vcntagc seed data torn in sanpk: 
conponents 
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Fig 4.26a Angel Marsh Block 1: Cumulative non-seed abundances nimm sanq>Ic 
components 
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4.5.7. Quantitative analysis 
An initial CA of all samples showed that the Block samples skewed the analysis to a 
degree that it was uninformative. The Block samples data were removed and subject to 
a combined CA and CCA (Figures 4.27 a and b). CA split the samples into the two 
Block groups, divided mainly along the first axis and eigenvalues showed that there was 
moderate amount of variability. Block 1 samples were positioned at the positive end of 
the axis, with high values of Atriplex portulacoides and Puccinellia components and 
low quantities of Phragmites australis components. Block 2 samples were positioned on 
the negative axis and had the opposite properties of Block 2. Abundance of the 
components of these three main species were correlated with the standing vegetation 
records in a CCA (4.27b). Note that the vegetation within the two sample points was 
identical, hence the horizontal environmental variable arrows. Suaeda and Aster were 
inaccurately represented in the assemblages. Samples within Blocks were separated on 
the basis of minor components, the quantity of Phragmites rhizome being important in 
distinguishing 5 samples from Block 2. This group included three of the deepest 
samples from the Block. 
CA of the seed assemblages split the samples into four main groupings (Figure 
4.28a), although variability in the samples was small. Seeds of Juncus, Phragmites and 
Atriplex were the main contributors to the variability. Samples 5,6,7,13,14,32,33,34 
35 and 38 were grouped with high negative values along the first axis and negative 
values on the second. These samples contained large quantities of Atriplex 
portulacoides seeds, Puccinellia seeds and low quantities of Phragmites and Juncus 
seeds, deriving mainly from the open saltmarsh environments. Samples 2,8,9,10,11, 
12,23,24 and 38 were on the positive side of the first axis and negative side of the 
second. They contained a mixture of many allochthonous taxa and high Phragmites 
abundance, deriving mainly from the mudflats, creeks and reedbeds. The other samples 
contained large quantities of Juncus, Cochlearia and Salicornia seeds, as well as the 
other two groups of seeds and were accordingly positioned on the positive side of the 
second axis. Samples 3 and 4 bridged the area between groups 1 and 2. 
CCA of the seeds assemblages showed a high correlation between the standing 
vegetation and the abundance of seeds in Phragmites, Atriplex portulacoides, 
Puccinellia and Aster tripolium (Figure 4.28b), explaining the main CA groupings, that 
largely were separated on the basis of local vegetation dominants. Janus seeds were 
largely correlated with the vegetation records, although as seen in the main tables the 
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seeds were well distributed, usually only in small numbers. Salicornia and Suaeda seeds 
were poorly correlated to the standing vegetation records. In the CA the mudflat and 
creek samples were spread across the plot, although the sample composition usually 
showed affinities with samples from nearby or similar vegetation as that bordering the 
creek/mudflat sample points. 
CA of non-seed macrofossils (Figure 4.29a) split the samples into three broad 
groups. Samples 28,29,30,31,32,33,34,37 and 38 were separated because they 
contained large quantities of Juncos components mixed with quantities of Poaceae 
components. Samples 2,8,23 and 24 were dominated by Phragmites components, 
sample 8, from the creek invaded by Phragmites preserving a large quantity of leaf 
material. Samples on the negative side of the second axis contained few of the 
components mentioned above and were dominated by indeterminate macrofossils and 
those of Atriplex portulacoides. This latter group was roughly divided into 
mudflat/creek samples and those from Atriplex portulacoides vegetation. As suggested 
here there was a strong correlation between the main macrofossil categories and the 
standing vegetation, as shown in the CCA results (Figure 4.29b). Atriplex portulacoides, 
Phragmites and Juncos components were strongly correlated with standing vegetation 
records, with indeterminate categories correlated with the open ground of mudflats and 
creeks. 
Results of combined CA (Figure 4.30a) and CCA (Figure 4.30b) of the seed and 
non-seed assemblages were confused, but broadly consistent with the groups and trends 
already talked about above. It was notable that the samples from the mudflats in 
Transect 2 correlated with some of the allochthonous elements. Overall there was a 
strong presence of the main three taxa in the vegetation and poor representation of the 
others, with the exception of Puccinellia. High abundance of seed and non-seed 
macrofossils of these taxa was generally consistent with local presence of the species in 
the vegetation. Puccinellia was difficult to discern on the basis of non-seed presence but 
showed a strong correlation between high seed abundance and local presence. 
4.5.8 Vegetation representation 
In both the seed and non-seed assemblages the main dominant taxa on the marshes, 
namely Phragmites, A triplex portulacoides, Juncus gerardii and Puccinellia, were the 
main contributors to the macrofossil assemblages at the sample points. Macrofossil 
assemblages provided accurate information about the local dominants. The visibility of 
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Figure 4.27a Angel Marsh canonical correspondence analysis of combined seed and 
non-seed data from block sample 
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Figure 4.28a Correspondence analysis of seed data from Transect samples at Angel 
Marsh 
+ eng sed 
- 
coc sed 
" 
36 
O 27 
O 
sal sed 
" O2' 
28 
O 
29 
31 37 
00 26 10 
30 00O 
------------------------------- ------------------------------ 
CD 0 
34 35 
bet sed 
® 
30 23 11 
8 
puc sed " 32 602 240 
33%0 05 sue ýd; O 12 
13 OO9 14 70 atp sed 34 
" 
ast sed phg sed 
ýalnsed 
Figure 4.28b Canonical correspondence analysis of seed data from Angel Marsh 
G 
t 
CD 
20 
0 
sar per Jun ger ;" coc sea 
7 
31 0 
00 
puc sed 38 jng sed 26 e 
puc mar 0 
-- atp sed 
a sed 10 on rn 
33 -0- --- ----------------------------- -------- 
JP 9 
14pt 
ang 
350 5"` 35C) 
30 " Ophgsed 
bet sed 
Phg aus 
ast tri ue sed, 
Dv12 
34 3 
atx prt 25 40 
"' sal sed 6O 
24 
sua mar 0 
tim Opp 
0 ast sea 
29 
1. u +1.0 
180 
Figure 4.29a Correspondence analysis of non-seed data from Angel Marsh 
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Figure 4.30a Correspondence analysis of seed and non-seed data from Angel Marsh 
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Figure 4.30b Canonical correspondence analysis of seed and non-seed data from Angel 
Marsh 
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these taxa depended on the level of identification and, in the case of Puccinellia and 
Juncus gerardii, this was only possible to the family level. Atriplex portulaco}des was 
mainly represented by fruits, seeds (only identifiable to genus level), leaves, woody 
roots and aerial stem material. Many of the other taxa on the marsh had low visibility, 
such as Limonium and Aster, neither of which were abundant where dominant in the 
vegetation. Minor taxa in general were underrepresented at individual sample points and 
in many cases were absent from the macrofossil assemblages. It was also noted that the 
dominant taxa close to the creek and mudflat edges usually contributed most to the 
macrofossil assemblages in those samples. Non-seed macrofossil assemblages were 
dominated by Monocotyledon vegetative remains as were most of the vegetation 
communities. Dicotyledon taxa were not present in large quantities in the seed and non- 
seed assemblages and were generally under-represented. One exception at this site was 
the shrub A triplex portulacoides. 
4.5.9 Sub-surface samples from sediment blocks 
Macrofossils changed little in Block I with depth (samples 133 - 137), with only small 
decreases in Atriplex stems and an increase in Type 1 rootlets. This may reflect the 
long-term preservation ofAtriplex stems which lie on the sediment surface and may not 
become incorporated into sediments in the long term. In Block 2 Atriplex remains 
become dominant with increased depth, replacing the dominance at the surface of 
Phragmites, the current standing vegetation dominant. In the CA lower samples in the 
blocks were situated between the two groups of Block samples. All of this is consistent 
with the possibility that macrofossil abundance changes show a long-term succession in 
the vegetation from Atriplex-dominated marsh to reedbed. 
4.6 Snape Saltings 
4.6.1 Location and topography 
Snape Saltings (grid ref: TM403573) is a saltmarsh reserve on the River Alde near 
Snape, Suffolk (Figure 4.31). The reserve consists of 16.7 acres of protected saltmarsh 
contiguous with grazing marsh, abandoned farmland and extensive mudflats. The marsh 
consists of a creek-dissected tidal floodplain supporting herbaceous upper saltmarsh and 
transitional terrestrial vegetation with lower saltmarsh communities towards the river 
edge. The marsh topography was complex, with the surface sloping gently from the 
dryland edge up to a distance of 210m. Beyond this the surface sloped gently towards 
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Figure 4.31 Snape Saltings location map (inset) and sample point information 
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the river. In total the marsh surface varied in height by only 25cm over approximately 
360m distance. Superimposed on this general pattern were localised changes caused by 
erosion and deposition. 
An eroding mud cliff, 68cm in height, separated the marsh from the mudflats to 
the south and west. Low sand hills, partly cultivated, partly covered in gorse and birch- 
scrub, enclosed the northern and eastern sides of the site. Regular tidal inundation of the 
marsh was evidenced by the presence of a strandline of detritus high in the marsh. 
Creeks were eroded below the level of the marsh, usually 50-60cm below the marsh 
surface and 10-20cm above the river mudflat level. 
4.6.2 Vegetation and surface litter 
Vegetation at the site was a dense, low-growing mosaic of grass and rush-dominated 
plant communities (Hughes 1994) (Table 4.14a - b). Vegetation on the higher northern 
and eastern marsh was dominated by SM16 Festuca rubra and SM24 Elytrigia 
pycanthus communities. On the northern section of the marsh, where a peaty substrate 
had formed, was a stand of SM16 Juncus gerardii community in which Glaux maritima, 
Triglochin maritimum and Plantago maritima were important elements, with often 
sparse plant coverage and considerable areas of open ground. 
Vegetation in the south of the marsh was dominated by the Puccinellia maritima 
sub-communities of SM16 and SM24 mixed with extensive patches of the Juncus 
gerardii sub-community of SM16. Local stands of SM10 transitional low saltmarsh 
(Puccinellia dominated) were found along the southern area of the marsh punctuated by 
dense patches of SM14 Atriplex portulacoides community. Extensive areas of S4 
Phragmites australis saltmarsh were found in some areas of higher ground towards the 
river margin and formed dense colonising vegetation on mudflats higher in the river. 
Stands of marsh dominants contained occasional plants of species such as 
Triglochin maritimum, Aster tripolium, Glaux maritima, Plantago maritima and 
A triplex portulacoides. A triplex prostrata was co-dominant in some stands, commonly 
with Puccinellia maritima and Elytrigia pycanihus. Althaea officinalis and Sonchus 
palustris were noted at the marsh margins. Vegetation was typically more variable at 
creek margins and the cliff edge, where taxa such as Atriplex portulacoides were more 
dominant, possibly because of more frequent inundation and higher soil salinity. Salt- 
pans were noted towards the southern end of the marsh. One abandoned creek was 
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recorded at the northern edge of the site containing 25cm of standing water and tufts of 
Juncus maritimus and Bolboschoenus maritimus. 
Surface litter was sparse across the marsh. Most litter consisted of Poaceae and 
Juncus stem and leaf material in a sparse continuous mat. Branch sections and 
occasional fruits were found below Atriplex portulacoides stands, although the ground 
surface there was generally free of litter, possibly because of the lively invertebrate 
fauna. Only on creek beds and in the bottom of the abandoned channel was any 
conspicuous accumulation of litter recorded. In both environments litter was 
discontinuous, occasionally accumulating in dense mats on point-bars and the lag of the 
creek bed. Mudflats contained little obvious surface litter. 
4.6.3 Sampling 
Block samples and surface samples were collected along a transect from the northern 
flood defence bank to the mudflats at the river margin (Fig. 4.31). Analysis of the block 
samples suggested that while a 50cm3 sample would provide a general view of 
macrofossil incorporation at the site, more detailed and reliable information would be 
collected in 200cm3 samples. An additional cluster of samples were collected from the 
marsh edge (`fringe area' 01) to investigate the more complex vegetation at that 
location. In addition a pair of samples were analysed from the mudflats adjacent to the 
Phragmites stand (area 03). 
The sample suite included sediments from all of the major vegetation 
associations at the site and all depositional environments, including the marsh surface, 
creeks, saltpans, abandoned channels and mudflats (see `environment' entry in Table 
4.14). It was initially hoped to extend the transect across the mudflat to the edge of the 
main river channel; however, this proved to be logistically impossible and dangerous 
because of the mudflat topography and tidal regime of the river. Block 1 sampled a 
mixed stand ofJuncus gerardii and Festuca rubra. Block 3 sampled a stand of Elytrigia 
pycanthus. Both block samples were aligned to the main transect. 
4.6.4 Sediments 
Sediments across the site were mainly organic rich silt-clay mixtures. Finely laminated 
soft sediments were found in the mudflats and creeks, with highly bioturbated firm and 
hard sediments seen across the marsh surface. Dense root mats penetrated the marsh 
sediments and contributed to often high organic content values (Figure 4.32). There was 
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an overall increase in organic content towards the north of the site and peaty soil was 
formed between 40m and 100m from the landward marsh boundary. The peat-zone 
merged into terrestrial soils at the marsh margin in which little plant matter, beyond 
living roots, was recorded. Though organic content in general increased away from the 
river edge, the pattern was interrupted in the creeks, where both much higher and lower 
organic content values were recorded. 
4.6.5 Sources, incorporation and preservation of macrofossils 
Plant macrofossils were preserved in all of the samples recovered from the site (Table 
4.15 - 4.18), although there was a general increase in the quantity of macrofossils in 
sediments away from the river. This was noted during sediment description and is 
demonstrated in the organic content values and seed abundance patterns. 
Seed abundance and concentration (Figure 4.33 and 4.34) was highest in the 
samples from the peaty deposits at the north of the transect, although one curious 
occurrence was the peak at the marsh edge (sample 38). This was caused by a super- 
abundance of Spergularia media seeds that can be considered a local effect. Two 
samples from the marsh fringe (Area 01) also contained high seed concentrations. The 
edge samples also contained high species concentrations, perhaps reflecting the diverse 
vegetation of the area and enhanced seed deposition rates. Samples from the creeks 
contained similar seed concentrations to adjacent marsh samples, although the taxa 
contained in the assemblages were often different (see below). Mudflat samples 
contained uniformly low seed concentrations and usually less than the 100 seeds 
suggested as an absolute minimum to provide reliable quantitative data. 
Macrofossil cover abundance values were characteristically dominated by 
subterranean plant structures, especially non-woody roots. The remains of aerial and 
underground stems were also common at some sample locations, the highest values 
recorded in the block samples and samples 13,31 and 34, on the main transect. Leaves 
were rarely preserved and always in small quantities, with the exception of the sample 
from the Phragmites reedbed (35) and the abandoned channel (2). Dicotyledonae leaves 
were present in small numbers and included occasional specimens of Glaux maritima 
and Atriplex portulacoides. One fragment of a Betula leaf was recorded in sample 61. 
This was the only identified non-seed macrofossil to derive from plants not growing on 
the marsh. Negligible quantities of woody root and stem remains were recorded, usually 
only beneath or adjacent to stands of Atriplex portulacoides. Unidentifiable plant matter 
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rarely exceeded 10% of total cover abundance in most marsh samples, although it did 
reach much higher values in samples from the mudflats and the peaty area at the north 
of the site. 
Most species recorded in the seed and fruit assemblages were present in the 
marsh vegetation or nearby on surrounding dry land. In all of the samples, 90% or more 
of the seeds came from plants recorded within 50m of the sample site and most of the 
seeds had potential source plants within 5m of the sample point (see Figures 4.35a and 
b). There were three groups of samples in which a large proportion of seeds derived 
from plants between 5 and 50m away from the sample point (samples 4- 10,17 - 20 
and 24 - 32). These groups corresponded to the areas dissected by the most extensive 
creek systems and may represent the areas subject to the most regular input of 
allochthonous plant matter carried on tides. Creek sediments contained considerable 
quantities of seeds from beyond the adjacent vegetation. They clearly were important 
conduits for the distribution of seeds on the marsh. 
Allochthonous taxa formed a small proportion of the recovered seed and fruit 
assemblages and were distinguishable from the local taxa on the basis of environmental 
tolerances. Allochthonous seeds were usually airborne (e. g. Betula pendula, Epilobium, 
Sonchus palustris), carried by animals (Rubus fruticosus) or were adapted to water 
dispersal (Alnus glutinosa, Ranunculus sceleratus). A more detailed picture can be seen 
in the sample ubiquity data presented in Figure 4.36a and 4.36b. Seed assemblages 
contained a mixture of allochthonous and autochthonous taxa, with allochthonous taxa 
often being most common in samples near the edge of the marsh, on mudflats, in creeks 
and in the upper area of the marsh that contained open vegetation. Otherwise seed 
assemblages were mainly composed of autochthonous taxa. In most cases the 
allochthonous taxa were from nearby plants. The proportion of taxa represented in the 
seed assemblages was typically high, especially in the upper marsh areas, with the 
proportion of missing taxa increasing nearer the marsh edge. The complex of saltmarsh 
vegetation sampled in the sample area 01 contained the least taxonomically complete 
seed assemblages. The non-seed assemblages were very incomplete, with only a limited 
range of taxa identified in most samples. Allochthonous taxa were rare and in all cases, 
except sample 34, the allochthonous taxa could be identified in nearby vegetation. 
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Taxon Sample 07\01\01 07\01\02 07\01\03 07\01\05 07\01\07 07\01\09 07\03\01 07\03\02 
Seeds and Fruits Component 
1. Seeds etc. 
Aster tripolium Seed 3 1 
Atnplex portulacoides Seed 2 1 1 
Atriplex sp. Seed 1 16 
Cochlearia sp. Seed 1 39 402 16 18 
Elytrigia sp. Seed 
Festuca cf rubra Seed 8 2 2 
Glaux marihma Seed 1 
Juncus gerardii Seed 6 2 1 6 
Phragmites australis Spikelef. 1 22 21 
Plantago maritima Seed 17 
Plansago maritima Capsule 3 
Puccinellia sp. Seed 2 3 25 31 26 239 
Puccinellia sp. Spikelet 4 3 3 
Spergularia media Seed 1 23 
Tnglochin maritimus Seed 1 1 2 2 
Alnusglutinosa Seed 1 1 
Betula cf. pendula Seed 1 2 3 3 
Betula spp. Seed 1 1 
Callitriche sp. Seed 1 
Epilobium sp. Seed 
Glyceria sp. Seed 
Lycopus europaeus Seed I 
Ranunculus sceleratus Seed 1 
Rumex sp. Seed 1 
Rubustype Seed 1 
Sonchuspalustris Seed 
Stellaria media Seed 1 
Urtica dioica Seed 1 1 2 
Indeterminate Seed 1 
2. Non-seed macrofossilr 
Atriplex portulacoides Stem 0.67 
Atriplexportulacoides Leaf 3.04 
Atriplexportulacoides Rootlet 1 82.67 
Suaeda sp. Leaf 0.26 
Juncus Sp. Stec 0.33 
Juncus sp. Rhizome 1.78 2.87 
Juncus Sp. Rootlet 1 4 30.2 66.89 22.47 
Phragmites australis Stem 1 8 
Poaceae Stem 7 3.67 6.28 11 16 15 
Poaceae Epidermis 2 1.73 1.93 1.72 1 2 4 
Poaceae Rhizome 7.93 
Type 1 Rootlet 20 26 47.87 10.07 8 53.47 15 12 
Moncotyledon Stem 1 3.87 2.64 
Moncotyledon Leaf 1 4.4 
Moncotyledon Rhizome 2.53 
Rubus type Spine 4 
Dicotyledonae Leaf 1 
Indeterminate Epidermis 1.27 
Indeterminate Woody Rod 5.8 
Indeterminate - 75 68 66 56 
3 Derived indices 
Total No. Seeds/Fruits 14 7 70 474 55 312 28 26 
No. Species 7 4 4 7 11 11 7 3 
Seeds/cm3 sediment 0.07 0.035 0.35 2.37 0.275 1.56 0.14 0.13 
Species/cm3 sediment 0.035 0.02 0.02 0.035 0.055 0.055 0.035 0.015 
Table 4.16 Snape Saltings area 01 and 03 macrofossil data and derived indices 
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Figure 4.34a Snape Saltings seed and species abundance data 
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Figure 4.34b Snape Saltings seed and species concentration data 
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4.6.6 Sample size effects 
Plant macrofossil assemblages from different sample sizes varied in each of the blocks. 
Both the number of species and the abundance of seeds increased with sample size 
(Figure 4,34; Table 4.19); however, in each block a single taxon dominated all of the 
surface sample assemblages, irrespective of sample size (Atriplex in block 3 and Glaux 
maritima in Block 1). The main variation between the different sized samples in both 
blocks was the presence of taxa of low seed abundance such as Betula pendula. 
Cumulative percentage seed diagrams (Fig. 4.37 and 4.38) demonstrated that the 
proportion of seeds of the most abundant taxa in the seed assemblages was constant 
from volumes of 25cm2 to 50 cmm and upwards. Less common seeds were only present 
as larger volumes accumulated. A similar pattern was noted in the non-seed 
assemblages in both blocks, although the non-seed macrofossil assemblages varied less 
than the seeds. In both blocks cumulative volumes of 200cm2 included all of the 
identified taxa while sample volumes of 50 cm2 included the most abundant taxa in 
correct rank order, but missed out rare taxa of low abundance. Non-seed cover 
abundance values were more stable at lower sample volumes than seed values; however, 
the larger cumulative samples contained more of the rare taxa. 
Table 4.19 Snape Saltings: Comparison of seed and fruit data from Blocks I and 3 
Block 1 Block 3 
Number of species Seed abundance Number of species Seed abundance 
Sample Min Max Mean Min Max Mean Min Max Mean Min Max Mean 
12.5cm 4 6 4.7 6 21 14.3 3 5 3.7 12 16 14.3 
25cm 4 6 4.7 6 33 18 3 5 4.3 21 24 22.7 
50cm 3 7 5.4 19 36 28.5 3 6 4.7 32 33 29 
200cm 9 10 9.5- 
1 
113 138 125.5 * " 9 * * 165 
These data suggest that even small samples of as little volume as 25 cm2 provide 
a representative sample of the most abundant macrofossils in saltmarsh sediments with 
low incorporation rates. Samples of 50 cm2 provide a more certain basis for 
interpretation and 200 cm2 for representation of rare types. Given the low macrofossil 
incorporation rates in mudflats, it seems certain that considerably larger sample 
volumes would be required to provide representative samples of mudflat macrofossil 
populations. 
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Figure 4.37a SnapeSaltings Block 1 cumulative seed data for major taxa 
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Figure 4.37b Snape Saltings Block 3 cumulative seed data formajor taxa 
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Figure 4.38a Snape Saltmgs Block I non-seed cumulative data for major taxa 
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Figure 4.38b Snape Saltings Block 3 cumulative non-seed data for major tam 
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4.6.7 Quantitative analysis 
An initial CA of all samples showed that the Block samples skewed the analysis to such 
a degree that it was uninformative. The Block samples data were removed and subject 
to CA and CCA on combined seed and non-seed data (Figures 4.39 a and b) 
CA split the samples into two groups corresponding to the Blocks along the first 
axis, with differences within each Block sample group seen along the second axis. 
There was little overlap in the sample points for the two sample groups, with the 
exception of the points for some Block 3 depth samples. Block 1 samples were 
distinguished by the presence of large quantities of Juncus components, including seed 
and non-seed elements. The samples were separated along the second axis by the 
presence of large quantities of Juncus gerardii seeds and subterranean components 
(positive axis) and by the presence of allochthonous taxa (negative axis). Increasing 
quantities of Juncus gerardii seeds with depth may simply indicate increasing 
compaction and concentration with depth. Glaux maritima seeds and Juncus rootlets, 
Glaux leaves and Triglochin seeds were the most commonly shared of the macrofossils 
in the Block. Macrofossil assemblages in Block 3 were very similar, with only the 
quantities of Betula seeds providing a major source of variation along the second axis. 
Interestingly the lowermost samples from the Block (335-336) were in a transitional 
position between the two sample groups, reflecting the change in composition with 
depth towards a greater quantity of Juncus components. 
CCA (Figure 4.39b) showed higher abundance quantities of Juncus gerardii, 
Atriplex prostrata and Festuca rubra macrofossils correlated well with standing 
vegetation abundance. Seeds of other taxa were not well correlated with the standing 
vegetation, being well dispersed or, perhaps, incorporated in such small quantities as to 
be unreliable. Poaceae components were recorded mainly in Block 3, where Festuca 
was a dominant, and were rarer in Block 1. This result shows that mainly the dominants 
are recorded in macrofossil assemblages, with incorporation more sporadic and 
proportionately small where a species is a minor vegetation component. Interestingly 
Glaux leaves were found to be uncorrelated with the records of the plant in the 
vegetation, suggesting that the leaves are as mobile as the seeds. 
Variation in the first two axes of the seed CA for Transect samples was limited 
(Figure 4.40a). A main group of samples was clustered around the axis, split into two 
broad groups. To the negative side of the first axis were samples from the northern 
section of the saltmarsh typically containing large quantities Elytrigia, Juncus, Plantago 
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maritima, Triglochin maritimum and Aster tripolium seeds. To the positive side of the 
first axis were samples from the southern end of the marsh, including those from Area 
01 and 03. The main determinant here was the presence of Puccinellia, Festuca, 
Spergularia, Atriplex and Betula seeds. Phragmites seeds separated samples from Area 
03 and the creeklmudflat samples tended to be spread among the two groups, mainly in 
a similar place to those from nearby marsh vegetation. CCA of the seed assemblages 
showed high correlation between standing vegetation cover abundance of dominant taxa 
and seed abundance in many samples (Figure 4.40b). Juncus gerardii, Puccinellia, 
Plantago maritimus, Glaux maritimus and Elytrigia showed high correlation where they 
were dominant in the vegetation. 
CA of the non-seed data split the samples into several groups (Figure 4.41a). 
Samples with large quantities of Juncus components were grouped on the positive part 
of the first axis. These were opposed to samples containing large quantities of Poaceae 
components, Atriplex components and indeterminate components. Samples with large 
quantities of Atriplex components were separated along the second axis. Mudflat 
samples were grouped together containing large quantities of indeterminate matter. 
CCA of the non-seed material showed that standing vegetation of Juncus and Atriplex 
was well correlated with the appropriate components in the samples (Figure 4.41b). 
Most of the Dicotyledons were not represented at all and the Poaceae taxa were well 
correlated with the standing vegetation. The open ground samples (mudflats) were well 
correlated with the quantities of indeterminate matter. 
Combined seed and non-seed data CA (Figure 4.42a) split the samples into three 
broad groups. The upper marsh samples from the north of the site (1 - 19) were grouped 
to the negative side of the first axis with those from the lower marsh to the positive side. 
The former group contained higher abundances of Juncus components, Elytrigia seeds 
and the seeds of herbaceous Dicotyledon and rosette plants (e. g. Glaux maritima and 
Triglochin). The second group contained higher abundances of the other Poaceae 
components, most Atriplex portulacoides components and the Betula seeds. The 
mudflat and marsh edge samples were separated along the second axis, mainly because 
of the presence of indeterminate matter and a variety of site-specific seeds. Creek 
samples were distributed throughout the other marsh samples. In most cases the seeds 
CCA (Figure 4.42b) confirmed the general trend seen in separate seed and non-seed 
plots that the presence of the main vegetation dominants correlated well with the 
presence of appropriate macrofossils. 
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Figure 4.39 a Correspondence analysis of shed and non-seed data from Snape Saltings Blocks 
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Figure 4.39 b Canonical correspondence analysis of seed and non-seed data from Snape Saltings 
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Figure 4.40a Correspondence analysis of seed data from Snape Saltings Transect 
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Figure 4.40 b Canonical correspondence analysis of seed data from Snape Saltings Transect 
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Figure 4.41 a Correspondence analysis of non-seed data from Snape Saltings Transect 
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Figure 4.41 b Canonical correspondence analysis of non-seed data from Snape Saltings Transect 
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Figure 4.42 a Correspondence analysis of seed and non-seed data from Snape Saltings Transect 
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4.6.8 Differences in depositional environment 
Samples from dense marsh vegetation contained a wide range of macrofossils, but were 
dominated by rootlets, stems and rhizomes. Indeterminate material was common, but 
only the peaty sediments and those from the mudflats contained large quantities. Creek 
samples consisted of soft clay-silt mixtures with a high water content and a diversity of 
macrofossil remains. There was no clear pattern of preservation in the creeks although 
some samples contained more stem and epidermis remains. 
Creek edges had similar macrofossil and sediment characteristics to the marshes 
but contained higher percentages of allochthonous seeds. This may be explained by the 
deposition of sediment and seeds from suspension as velocity decreases when tidal 
waters rise above the creek banks and spill over into the marsh. The higher seed 
abundance in cliff sample 37 was inflated by the presence of a large concentration of 
Spergularia media seeds from a local population of the plant rather than enhanced 
deposition. 
Mudflat samples contained weak clay and silt mixtures with a low organic 
content, weakly laminated structure and high water content. Few identifiable plant 
macrofossils were preserved in the sediments, most being highly comminuted and 
decayed. The samples also had uniformly low seed concentrations. Macrofossils in the 
mudflat samples were a mix of allochthonous matter carried in by the tides and those in 
sediment collapsed from the cliff edge some Im to the north. Identified macrofossils in 
all mudflat samples were dominated by taxa present on the cliff edge, especially the 
Poaceae. 
Sample 2 was recovered from the abandoned channel at the northern end of the 
site which had permanent standing water. The sediments in the channel consisted of 
soft, laminated clay-rich sediments preserving large quantities of organic matter in 
reducing conditions. The seed assemblages included taxa from a wide area and overall 
seed abundance was high, although lower than the peak value seed in nearby sample 3. 
Seeds from vegetation growing in the channel were a minor component of the seed 
assemblage and most were from the surrounding vegetation. The non-seed assemblage 
consisted of roots, stem and large quantities of Cyperaceae leaf epidermis, the latter 
preserved in great detail in the laminations. The large quantity of epidermis in 
unmodified figures was notable, but similar to the proportion preserved in some creek 
samples. However, in modified figures the large quantity of epidermis was very 
distinctive and reflected the observations made during laboratory work. The sample 
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grouped with the creek samples in the CA and formed the most extreme end of the first 
axis of variation. 
Sample 34 was collected from a saltpan, a depression that lacked standing 
vegetation. The sediments were similar to the surrounding marshes consisting of firm 
clay-silt mixtures. The main distinguishing macrofossil characteristic of this sample was 
the presence of large quantities of aerial stem that littered the sediment surface. This 
was picked out in the CA (Figure 4.42a) and was presumably from collapsed 
surrounding vegetation and airborne litter. The stem material was uniformly badly 
preserved, but its presence may be due to a combination of low decay caused by high 
salinity and enhanced sedimentation rates into the hollow. Seed density was typically 
low for this section of the marsh and all of the macrofossils could be accounted for by 
the plants growing within 5m of the sample point. This sample included a single 
fragment of Betula leaf, the only fragment of definite allochthonous non-seed plant 
matter identified at the site. Incorporation of airborne allochthonous plant litter may 
have been encouraged in the saltpan by the presence of open vegetation. 
4.6.9 Vegetation representation 
Although there was a degree of correlation between the seed assemblages and standing 
vegetation in many samples, macrofossil assemblages preserved only a proportion of 
the taxa present. In most cases the taxa that dominated the seed assemblages were 
dominant or co-dominant in the standing vegetation. Many of the minor taxa were not 
preserved and in several samples, species of high abundance were only minor 
vegetation components. These included Atriplex seeds in Block 3, Cochlearia anglica 
and Spergularia media seeds in samples from near the saltmarsh edge, and the presence 
of seeds that were absent from the vegetation (e. g. Glaux maritima seeds in Block 3). 
Reconstruction of vegetation using the seeds was not a simple case of directly 
converting macrofossil abundance into standing vegetation values. The spatial fidelity 
of many of the samples was high, providing a generalised view of the vegetation over a 
wide area and conflating taxa from the saltmarsh vegetation mosaic. Again, taxa that 
used seeds as a major means of dispersal (e. g. Glaux, Plantago, Triglochin) were over- 
represented and had lower spatial fidelity than some other taxa (e. g. Elytrigia). 
There were distinctive patterns of representation among most abundant species 
in the macrofossil assemblages. Among the most widely dispersed seeds and fruits were 
those of Puccinellia which were spread across the southern end of the site, irrespective 
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of the presence of the plant in the local vegetation. While the seeds were well 
distributed, the highest abundance was found in the areas where the plant was dominant 
or co-dominant in the vegetation. Aster tripolium was one of the taxa represented by 
sparse seeds in sediments across the marsh. It was the commonest taxon to be lacking 
from seed and fruit assemblages where present in standing vegetation. Seed abundance 
varied widely and it was also common in samples without nearby plants. The fruits of 
the plant are aerially dispersed and the pattern of incorporation is consistent with the 
observations by Salisbury of the wide potential dispersal, but low survival rate, of 
aerially dispersed seeds (Salisbury 1975,1976b). The data presented here suggest that 
this dispersal behaviour is reflected in the sedimentary record. 
Most of the Atriplex seeds can be assumed to have derived from Atriplex 
prostrata which was also found across the marsh. These seeds were found in many 
samples at some distance from the closest possible parent. The seeds of the plant were 
clearly over-represented. This species is one of the few therophytes on the marsh and 
reproduces entirely through seed production, enhancing its chances of incorporation in 
sediments. 
Glaux maritima seeds were often present in sediments at some distance from 
recorded plant specimens, although again higher abundance was recorded where the 
plant was found locally. One exception was in Block 1, where the species was the 
dominant seed type, yet absent in the vegetation. This may be due to the presence of a 
nearby stand of the species that was low growing and easily overlooked. 
Triglochin maritimum seeds were mainly found in large abundance at or near 
where the plant was a major element in the vegetation in the northern area of the site. In 
those areas the seeds were well spread. Elsewhere on the marsh the seeds of this species 
were found in creek sediments and the plant was not recorded in the local vegetation. 
The seeds were also found in several of the samples from the fringe area. This 
distribution may indicate that the seeds are well dispersed by water. 
Among the more reliable seed distributions was that of Plantago maritima, the 
seeds of which were found only in samples from sites where the plant grew or at sample 
points near the point where Plantago was a major vegetation element at the north of the 
site. This was one of the few taxa in which the seed abundance was close to that of the 
standing vegetation. Only in Block 1 was the species under-represented, although it was 
a minor vegetation element. 
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Juncus gerardii seeds were also distributed at, or near sample points at which 
the species grew. Large seed abundance (when converted to DOMIN scale, reaching 
values of 6-10 of the total seed content) almost invariably indicated the presence of 
dense swards of the plant close to or at the sample point. Smaller abundance was less 
reliable, and in the case of Block 1 and samples from the saltmarsh fringe, the plant was 
present in the vegetation and absent in the seed assemblages. Juncus capsules were 
more often preserved at, or near standing Juncus plants and the seeds of the plants were 
commonly incorporated in creek sediments at some distance from extant specimens. 
The presence of Juncus seeds in the creek samples suggests that seeds were dispersed 
far in water. 
Festuca rubra was fragmentarily represented in the seed assemblages, possibly 
because its reproductive strategy is mainly via vegetative means. The plant is also 
known to have a non-persistent seedbank (Grime et al. 1988). Its presence in sediment 
samples may be a more reliable guide to its presence in the local vegetation than other 
Poaceae, including Puccinellia. 
Non-seed macrofossil abundance corresponded well with the abundance of taxa 
in the standing vegetation, although in most cases vegetative remains were identifiable 
only at the family or genus level. Most of the vegetation units sampled in the study were 
dominated by a single species and the vegetative macrofossils of the dominant taxa 
were similarly dominant in the assemblages. The major problem with the non-seed 
material was the limited extent of identification, namely to type or family. Only the 
most abundant and bulky vegetation dominants were represented in the assemblages and 
the non-seed data provided spatially and highly accurate but taxonomically imprecise 
information. 
Juncus gerardii was mixed with Poaceae taxa in several samples. Table 4.20 
compares the standing vegetation and macrofossil abundance figures for Poaceae taxa 
and Juncus converted to DOMIN scale, assuming that Type 1 roots are equivalent to 
those of the Poaceae. Where the vegetation is dominated by a single taxon with only 
minor quantities of other taxa, the dominant was recorded but the minor taxon was 
usually not. Where co-dominance is seen, both taxa achieve high root abundance 
figures, although when converted to DOMIN figures the relative cover abundance in 
standing vegetation was not necessarily maintained. A similar pattern was noted in the 
fringe samples. 
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Table 4.20 Snape Saltings: Comparison of root cover abundance and corresponding 
vegetation data 
Sample 1 6 7 10 12 16 01/03 01/05 01/07 01/09 
Juncus gerardii CA 5 8 8 10 8 8 7 3 7 8 
Juncus Iype root CA 0 9 8 10 9 8 6 9 8 5 
El ri 'as spp 6 2 3 2 5 0 0 0 0 0 
Puccinellia spp. CA 0 0 0 0 0 0 2 3 5 7 
Festuca rubra CA 0 0 0 0 0 0 6 0 0 0 
Typc 1 Root 9 0 0 0 0 0 7 5 5 8 
While the subterranean structures often accurately represented the dominant 
surface taxa, aerial structures were less consistent with the surface vegetation. For 
example, aerial sections of Atriplex portulacoides were recorded in samples near to a 
pure stand of this vegetation in the saltmarsh fringe area (Area 01), however, none was 
recorded in the area dominated by the taxon. It should also be noted that in assemblages 
of both subterranean and aerial structures, preservation favoured taxa with high 
biomass, cover abundance and which were well distributed. More sparsely distributed 
plants such as Triglochin were less likely to have recognisable remains incorporated in 
the small samples collected in this research. 
A combined CA and CCA of both seed and non-seed data showed that the 
assemblages were loosely grouped according to the main dominant in the assemblages 
in the case of taxa such as Juncos, Puccinellia and A triplex portulacoides. Correlation 
between macrofossil abundance and standing vegetation was usually high for these taxa, 
although samples from creek edges and closer to the river tended to be less reliable. 
Taxa were differentially represented by macrofossil components, with the more sparsely 
distributed taxa, such as Triglochin, represented mainly by seeds. On the other hand, the 
Poaceae and Juncus gerardii were well represented by both seed and non-seed remains, 
although the seeds were required to identify the genus and species of plant in each case. 
Overall, the bulky Monocotyledons that dominated many of the vegetation units 
were best represented while the Dicotyledon taxa that punctuated them were not. The 
only woody vegetation in the marsh, namely stands of Atriplex portulacoides, was 
sporadically represented. Aerial components of this species were under-represented and 
were the main means of distinguishing it in the samples. Poor preservation of Atriplex 
portulacoides, a distinctive and structurally different plant, may be in part explained by 
its growth habit. Unlike other communities, the plant grows in an open, loose bush and 
is home to dense populations of invertebrates that may remove any detritus. 
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4.6.10 Sub-surface samples from sediment blocks 
Contiguous 50cm3 samples were analysed down the profile in Blocks I and 3. 
Macrofossils in samples from Block 1 were consistent with the surface; however, the 
lower samples in Block 3 showed a major change from Poaceae to Janus components 
with increased depth (Figure 4.39a). The change in taxa is consistent with succession in 
the saltmarsh community from Juncus gerardii to Festuca rubra dominated marsh and 
may signify increasing terrestrialistaion. The stratigraphic change is abrupt, although 
the quantity of roots of Juncus increases and Juncus stem material reduces prior to the 
dominance by Poaceae components. This may indicate a reduction in sedimentation 
prior to the changes in the vegetation. The abruptness of change is startling and suggests 
that either community change is abrupt without intermediate community form, or that 
periods of transition are not discernible in the fossil record. The example is interesting 
as it indicates that transitions in vegetation in slowly accumulating sediment are not 
obliterated by subsequent vegetative growth by taxa with dense root systems. 
4.7 Burham Marsh 
4.7.1 Location and topography 
Burham Marsh lies on the eastern bank of the River Medway near Rochester, Kent (grid 
reference: TQ 713617). The site consists of a floodplain reedbed, some 400m in width, 
bounded by a flood defence levee to the east and a mud cliff at the rivers edge to the 
west (Fig. 4.43) with weak creek development. Mudflats 110cm below the marsh 
surface sloped into the river from the base of the mud cliff. The landward edge of the 
marsh was only flooded during high spring tides. 
4.7.2 Vegetation and surface litter 
Vegetation at the site (Table 4.21-4.22) was dominated by a tall, dense S4 Phragmftes 
australis swamp community. Although the site was tidal, inundation was of low enough 
duration to allow the growth of several species more suited to freshwater habitats. 
Among the Phragmites were found variable quantities of Atriplex prostrata, Calystegia 
sepium and, at the landward edge of the marsh, occasional plants of Sonchus asper, 
Epilobium hirsutum and Althaea officinalis. Towards the river edge S4d Phragmites 
australis Atriplex prostrata sub-community dominated with occasional plants of Rumex 
crispus, Oenanthe sp., Althaea officionalis and Sonchus asper. In this community 
shorter, thin Phragmites australis stems formed an upper storey of vegetation with 
Atriplex prostrata beneath. In some areas the Phragmites thinned until only a few 
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lodged culms remained in a mass of dense, tangled A triplex prostrata. To the north of 
the main reedbed stand was an unclassifiable stand dominated by Epilobium hirsutum 
with smaller quantities of Phragmites australis, Althaea officionalis and Calystegia 
sepium. This community may be an S4 variant or a variant of S25 or S26 tall herb fens. 
Along the river margin were occasional isolated stands of S21 Scirpus maritimus 
swamp community, forming stable islands of vegetation within the mudflats. The cliff 
edge was host to dense Phragmites stands with occasional plants of Aster tripolium and 
A triplex portulacoides. 
Litter over the whole site was dominated by Phragmites stem and leaf remains. 
Towards the landward edge of the marsh the debris formed a 1cm thick layer over the 
sediment surface. The layer thinned towards the marsh edge, but persisted even when 
the Phragmites thinned and Atriplex became dense. Atriplex prostrata litter was 
common in the litter layer beneath vegetation dominated by it. Litter thinned noticeably 
towards the cliff edge and was sparse over the mudflats at the river edge. 
4.7.3 Sampling 
Samples were collected along two transects at the northern end of the main reedbed, 
both on the aggrading side of the meander bend (Figure 4.43). Samples 1- 16 formed 
an east-west transect ran from the flood defences to the mud-cliff. Samples 17-28 
formed a south-north transect taken perpendicularly from the 100m point on the east- 
west transect to the river bank on the north of the meander bend. Blocks were collected 
from the reedbed near the flood defences (Block 1) and from the Phragmiles-A triplex 
sub-community (Block 2) at the 100m point on the east-west transect. 200cm3 samples 
were collected at approximately 10m points along the transect, although those in the 
south-north transect were usually collected more closely together, especially near the 
cliff edge. 
4.7.4 Sediments 
Sediments were dominated by grey, organic-rich silts (Table 4.21) incorporating greater 
quantities of organic matter towards the landward edge (Figure 4.44). One value in the 
south-north transect approached 60% organic content and may have been caused by 
experimental error or due to the presence of a local organic debris concentration. 
Samples at the river-edge contained more conspicuous quantities of sand-sized particles 
and the mudflat samples contained almost sterile silts. 
' 
'II" 
.. Y \li ". 
aC Mr 
Y ': ice \\ 
yfý 
tIDWAy 
4: \ 
'o at 
%4 
A is , %N 
8uwrlAtl 14APSK SOO 
220 
x IC X 
-\I/- 
Phragmites australis dominated area 
Xxx 
XX XX% Atriplex prostrata dominated area 
-xXXXXx 
xX 
ý7- Epilobium hirsutum dominated area 
xx xK XxX ... X Y- x spurn-Northý4 Artificial Levee 
)C X 
XxX  x , (fa 
Mudcliff 
xx x Block 2 
Týansect y 
' X Xx yam .: 
x xX xX Xx 
ZD 
'` x ý` 
xX 
x 
X 
x X-'` L, 'v- X x 
xxx '( Y 
k gt etc 
'u -" k', . x yý ", 10 M, 
IV ý1L yý sic 
ý" SIG 
"/ iý ý" 
-_ 
. ý. "Jý-- i- 
-s -1C 
ý. 
. ice. 
N1: -e- SIG 
  sit . ýc r Block 1 
_ 
JC ýtC - ýIc yý yý ýt 
1ý _ 
7j 
-- 
/ 
;F --- --- -- - 
Figure 4.43 Burham Marsh location map (inset) and sample points 
221 
HVe oC 
v N 0% 
2 
`r N 
2 
Zei FW-r oo - p 
F--° 
.ý tý vý oo w CQ 
f, !V 
ý 
, ö 
Vl h 
F 2; ý. 
 oo Nn 00 
r 
N 
M fV le 
hV 
ein : 
N 00 
tV 
ý1 
wl / CO ^ h 
Q 
O 
ýo ýn q Ha a+ ll N ý 4 
O: 
f4 r- 
F oo Q ýr 00 Fa OO ý r hN 
Hr O0^ep h Z f 
öö 
rX N 
aý 00 
o 
n> 
om 
0 F `O 
N 
v { ein 
hN 
oN v 0 
F CL 'ý ý° FH hN 
ý 
ý 
v r' ,Q F 
rý ýr ,. n v ý a 
N hN 
Fä., mý h 00 
CO 
00 
" 0 
, ri rN 
ä°a, v ;Zä " v v% C ein H 
N h 
% 
' 
[ 
N 
00 .ý '! "i ein e 12 wep FäN %M 0 
r hN 
MA 
h 00 
N 
'ýt O 0 04 
g ein eN M 
q 
O ýn O H 
Na r- 
NQ 
r' O a ý- 
öv ö a 
l 3e ö öö qö S0E . gGy 
y ý ° 
F 
C 
Ö y ýY 
? 
CO 
t y 
k7 y ýý 
ý 
`ýýc°rs 
Ä ý 4 ý 
8d 
EE 
r A v° 
r 
N 
EE 
ho h 
V 
OV 
EE 
hh 
Vs 
EEE 
InIWt 00 vVV 
EEE 
rrh ööö 
EEE 
h In In ö 
EEE 
In In In ödov 
vv 
EEE 
In In In ddd 
vvv 
EE 
In In ö 
v 
öv 
E 
r 
v° 
In CD 
6V 
EE 
EEE 
rhr ööö 
vvv 
r 
höö 
vv 
r 
dhv°8 
A4 
9 
19 A 
A 
dd 
AddA 
n%rr 
a as 
ddd 
Iä 
A 
d 
hh 
C6 d 
as 
40 "ß' d Ot 
.ý 
fiC t 
oUOiý eý ¢ ti 's 
Ä'ý V4 VWýq°ýý9 
ed 
b 
aV UC 
cd 
't7 U 
[ II 
td U 
II 
OW 
býA 
Cam, 
cd 
aA 
c 
cd 
y 
Lß 
ý 
1 It 
Wa 
cd 0 
Nv 
0 
222 
ý"1 
r_v 
F 
-ý 
'7 
00 
äOr 
p<N `° ci 
9E6ý `tooýov ?ö ? öý' 
"Ö 
r. 
°W 
NQw 
""" d vv 
0,9 
+vb 
00 E" 
Cýý"i" 
cý 
EöWr 00 %O v '^ 
FJ 
äNr.. ö 
. 
y. chi 
"d. 00 NQE ýi 
ÖWNtZ, 
v-i 
2 
Co %O 
OOr 
"r dN G) a) 
CE "Ci ÖWNv M 0hNo. 
<N°e 
"° u +e cd 
t". WNger0N vii p 
pO 
00 41 - 
WN p QQ 
M 
00 " }x. ae 'b R'1 
NMM 00 ýO 'R hhV.. L. i iý-" 
12 -äNh 
. 
ý. ?? 0 M" 
0 
(L) Ici 
För oo verr vi cd äN oV oV öa `ýi 
CD en 
00 v1 00 
p1 
0Ah 
vNa CA QNMV 
R 
E- 18 
y , 
Q"ý 00 N 00 ýr 
hhhh V1 i. ' 
12 '^4-b N Spvpv ao 
h 
Epa 
°ý 7NNv vgl vEl NÖ ý+ Q Q ýV QpÖ y{ý VV 
! C1 
FAN0 ýr ý" ý" ý/-wý Zhh 00 h 00 
V% VG1 V^ 
i1.1 
ÖÖÖý 
Q 
c4 
1,3 r. 
eu 
4) 
CL) E O. Qg ßiä 
"r- 
üC fi yC ti 
p. 
yd.. 
ý 
"ý 
ýý o`A 
7[ 
ýN 
0ý'1 
ý 
7M'ß. 'O 
t° 
041 
ý 
T~y. 4fý 
ýý 4ý 
. Yr 
N 
VJ 
g3ÄQy 
h+ý ý4 ti ""1 C. ýL O "ý "ý ý"'ý 
ýQý, 
11 
VO 
E"" öh L` öräb 
5ý 
ýä 
.c 
5ý q, oýi "8 
223 
cqj 
Cd 
U 
ti 
cd 
N 
W 
% organic 
0 00 ov oo 0 
3i 
l 
3 
a 
VOW 
s 
3 
I N)OI9 
t 
U_ 
00 
V 
8 
a 
ö 
O U 
U 
bQ 
O 
E 
cd 
m 
N 
öq 
CD CD 
00 r-- 
224 
4.7.5 Sources, incorporation and preservation of macrofossils 
Plant macrofossils were preserved in abundance throughout the sample set with the 
exception of the sample 28, collected from the mudflat on the south-north transect 
(Table 4.23 - 4.26). Preservation of macrofossils was usually good, with the exception 
of sample 24 from the mudflat. Assemblages from the landward sample points and the 
cliff-top in the south-north transect were dominated by stem fragments of Phragmites 
australis. These samples also included small quantities of rootlets, leaf (mainly 
Phragmites) and rhizome fragments. Other samples were dominated by non-woody 
rootlets and smaller quantities of stem and leaf (e. g. samples 20-23; 28-30). Sample 24, 
from the aggrading mudflat on the south-north transect, has a unique composition being 
dominated by undifferentiated degraded plant matter with small quantities of rootlets 
and other structures. 
Dicotyledon leaf and stem remains were rarely recorded. Most of the non-seed 
remains and other non-seed macrofossils came from plants identified on the marsh or 
close to the sample site. Woody structures were almost totally absent from the 
assemblages with the exception of small fragments in samples from the marsh edge. 
These, along with Lemna plants preserved in abundance at the edge of the south-north 
transect, were the only allochthonous non-seed remains preserved in the sample set. 
Charcoal was also found in small quantities including pieces of charred Phragmites 
stem. 
Seeds were dispersed throughout the samples. Most samples contained more 
than 100 seeds (Figure 4.45) and high seed concentrations (Figure 4.46). The number of 
species in the seed assemblages varied between 15 and 2, most samples containing 
between 2 and 4. There was an increase in both seed and species representation towards 
the marsh edge in both transects. Peak values were found in the lower A triplex prostrata 
dominated vegetation falling away towards and over the marsh edge. 
Most of the seeds and fruits were from taxa present in the local flora within 5m 
of the sample point (Fig. 4.47). Allochthonous seed incorporation varied across the 
transects, only reaching large quantities at the marsh edges, especially in the south-north 
transect, although the graphs may be misleading as only small quantities of seeds were 
present in the sediments from the most northerly sample points. More allochthonous 
seeds were also recorded in samples from the landward edge of the east-west transect, 
most deriving from vegetation on the levee and being easily transported aerially 
dispersed seeds. 
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Sample ubiquity data are shown in Figure 4.48. Both allochthonous and 
autochthonous seed taxa contributed to the seed assemblages, allochthonous taxa 
representing a large proportion of the taxa in samples from the landward edge of the 
sample transect and towards the saltmarsh edge. Many of the allochthonous taxa were 
found in the local vegetation, with Atriplex seeds being most commonly found where it 
did not grow. The quantity of taxa unrecorded in the marsh increased markedly at the 
edges of the dense reedbed vegetation, especially along the raised levee at the river 
edge. It was common for considerable numbers of taxa to be absent, especially 
Calystegia and Althaea. Samples from the vegetation where these taxa grow commonly 
had 50% of the local taxa missing from the assemblages. Few taxa were represented in 
the non-seed assemblages, with most of the samples containing only autochthonous 
taxa. Fifty percent or more of the local taxa were commonly missing from the non-seed 
assemblages. Only in three cases, all being samples from near the end of transects, were 
allochthonous taxa represented in the non-seed assemblages. Most of these were 
recorded in the nearby vegetation. Both the seed and non-seed taxa in the mudflat 
sample were mostly found in nearby vegetation. 
4.7.6 Sample size effects 
In both blocks the cumulative percentage abundance figures for seed and non-seed data 
were surprisingly stable (Figures 4.49 - 4.50). In each case the abundance of the main 
species varied in sample sizes of 25cm3 or less. However, the rank order and abundance 
of the main macrofossil types were apparent by 50cm3 and varied little as sample sizes 
increased. Larger sample sizes included progressively more species, but these were 
always minor components. The number of species and overall species abundance 
increased with larger sample sizes in both blocks. 
4.7.7 Quantitative analysis 
As in earlier analyses the Block samples were removed and analysed separately to 
prevent the large number of sample points from a limited sample area and of varying 
size affecting the Transect samples. CA of the combined seed and non-seed Block data 
(Figure 4.51a) showed that the ubiquitous Atriplex seeds and Phragmites stem remains 
were equally shared by the samples. The main split was in the higher quantities of 
Atriplex components present in Block 2 and wide range of seeds, and the presence of 
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Phragmites components in larger quantities in Block 1. The CCA (Figure 4.51b) 
showed that these differences correlated with the presence of the appropriate source 
plant in the standing vegetation. Depth samples in Block I were separated by the 
presence of higher abundance of Phragmites rhizome and indeterminate epidermis. 
CA of the Transect seed assemblages (Figure 4.52a) showed that most samples 
could not be split easily on the basis of macrofossil composition. Even so two main 
groups could be distinguished. The first, mainly the higher marsh seeds isolated from 
the river, on the negative side of the first axis contained large quantities of Epilobium 
and Atriplex seeds. A second group on the positive side of the first axis contained 
samples with a large allochthonous component and included all of the marsh edge 
samples. The main separation of the first group along the second axis was made on the 
basis of those with large quantities of Atriplex seeds and those with larger quantities of 
Phragmites seeds. The division in the second group was mainly on the basis of varying 
quantities of allochthonous seeds. CCA of the seed assemblages (Figure 4.52b) showed 
that only Atriplex seeds were correlated with Atriplex in the standing vegetation. 
Correlation between seed data and standing vegetation was poor in general and both 
analyses suggest that seed rain at the site was a poor means of identifying the local 
flora, being a palimpsest of the site flora as a whole. 
CA of the non-seed assemblages (Figure 4.53a) again showed limited 
differences between the samples. Phragmites stem remains were ubiquitous in the 
samples. A rough division was made between the samples at the negative side of the 
axis with other Phragmites components and those on the positive side that contained 
Atriplex and other components. Indeterminate matter was found in the double positive 
quadrant of the diagram and separated out some outliers. CCA of the non-seed 
assemblages showed that Phragmites rhizome and leaf remains were better correlated 
with standing vegetation values than the stem remains, although correlation was poor 
(Figure 4.53b). Atriplex was only represented by rootlets, but correlation with rootlets 
was strong. Many taxa were poorly visible, especially the climbers (Calystegia and 
Solanum) and their remains were of such low ubiquity that they were absent from the 
plots. Consultation of the tables showed that Calystegia non-seed remains were usually 
only found at the points where the plant grew. Open ground was correlated with 
indeterminate matter, in this case being mudflat sample 28. 
CA of combined seed and non-seed data (Figure 4.54a) split the Transect 
samples into three rough groupings, similar to those in the plots above. Samples 
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containing large quantities of Atriplex components were grouped to the negative side of 
the first axis and positive side of the second. Samples with higher quantities of 
Phragmites remains were grouped to the negative side of both axes, There was, 
however, no clear distinction and the distributions overlapped. To the positive side of 
the first axis were samples containing higher quantities of allochthonous matter and 
Phragmites leaf and rhizome remains. The CCA (Figure 4.54b) showed that Phragmites 
stem and seed remains were better correlated with high standing cover abundance 
values than other elements and that Atriplex elements, especially the rootlets, were also 
slightly correlated with high standing vegetation values. The second group was 
correlated mainly with open ground and contained the samples from mudflats, cliff edge 
and more open areas in the marsh open to allochthonous inputs. Quantitative analysis 
did split the samples into rough groups, although it cannot be emphasised enough that 
the split was poor and that there was considerable overlap between samples and no clear 
association between cover abundance and macrofossil abundance. 
4.7.8 Differences in depositional environment 
Samples from the floodplain (1-12 and 17-20) were dominated by remains of 
Phragmites stems, contained low species concentrations, mainly autochthonous seeds 
and generally high seed abundance. Seed abundance, species abundance and organic 
content varied on the floodplain; however, they were usually still separable from values 
from other depositional environments. Samples from the other environments had lower 
organic content and contained a greater proportion of allochthonous seeds. Species 
abundance was generally lower in mudflat (sample 28) and channel samples (15,16), 
but higher in the levee samples (13-14; 21-27) than the floodplain samples. The levee 
and channel samples tended to have lower quantities of Phragmites stem and were 
dominated by rootlets, also containing many allochthonous remains, including Lemna 
plants, and larger quantities of unidentifiable material. The latter reflects differing 
sedimentary processes, most clearly the action of tides causing removal of surface 
detritus, introduction of allochthonous matter and enhanced sedimentation. The single 
mudflat sample contained mainly unidentifiable matter and was very different to the 
other depositional environments. The seed abundance was low and may, therefore, be 
unrepresentative, although the sample was similar to others from similar sites. 
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Figure 4.51a Burham Marsh correspondence analysis of Block sample seed and non-seed data 
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Figure 4.54a Burham Marsh correspondence analysis of Transect sample seed and non-seed 
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4.7.9 Vegetation representation 
Phragmites remains dominated the macrofossil assemblages across the site, even when 
the plant was a minor vegetation component. Aerial components of the plant were 
favourably biased by depositional processes, perhaps reflecting the high biomass of the 
plant above and below ground as well as its habit of shedding its leaves to form a dense 
mat in the autumn. Atriplex seeds were widely dispersed, being present in large 
quantities in some samples even when the plant was not present locally (Block 1; 
samples 1,4 and 5). In Block I the seeds dominated the assemblages even though the 
nearest specimen of the plant was over 5m away. In the east-west transect the 
proportion of seeds of Phragmites and Atriplex roughly corresponded to the areas in 
which these plants dominated the vegetation, although in areas where the plants formed 
dominant lower and upper storeys of vegetation, Atriplex was better represented. The 
same pattern was seen in the south-north transect. The results from Block 1 were 
aberrant in this regard and show how local seed concentrations may be misleading and 
vary considerably. 
Taxa that were sparser in the vegetation such as Althaea and Calystegia were 
under-represented. Althaea was only identified in sample 18, in which it was absent 
from the surface vegetation. It was missing from the macrofossil assemblages of the 
three samples in the east-west transect when present in the vegetation. Calystegia was 
an important vegetation component. It was present in the vegetation of 50 samples 
(including blocks), but present only in 13 samples and 8 out of the 25 transect samples 
in which it was present in the standing vegetation. Solarrum dulcamara was represented 
by a tiny quantity of seeds where present in the vegetation. The seeds were, however, 
widely spread, being present in 3 samples when absent in the vegetation. Aster tripolium 
was present in the levee vegetation in both transects but absent from the seed 
assemblages. Many allochthonous seeds were present in the sample set. Seeds of 
Epilobium hirsutum achieved large abundance in Block 2, where it achieved higher 
abundance than Phragmites. Dense growth of this species to the north of the sample site 
was the source of these seeds, with collection at the sample points encouraged by the 
low and relatively open growth of Atriplex prostrata in this area. Again, the local 
peculiarity of this sample group indicates how locally variable seed assemblages may 
be. 
The overall high visibility of Phragmites in the non-seed assemblages accurately 
reflected the importance of that taxon in the environment. However, it was over- 
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represented, even in Block 2 where it was a minor vegetation component. The real 
changes in vegetation were more accurately reflected by the change in root types, 
Atriplex type roots being more common in Block 2 and where the taxon was present in 
the vegetation. Atriplex rootlets were still a minor component of the assemblages in 
each case and so the relative quantity of rootlets was still no guide to the importance in 
the surface vegetation. It should be noted that the rootlets of Atriplex are unlikely to be 
identifiable in ancient macrofossil assemblages, so this important indicator of the local 
growth of the plant is unlikely to be available in palaeoenvironmental studies. Lemna 
leaves are similarly unlikely to be preserved in a recognisable form. 
Leaf remains of all of the Dicotyledons were rare, although fragments of 
Calystegia leaf and Atriplex were occasionally identified. Calystegia was poorly 
represented and minor taxa such as Althaea were absent from the non-seed assemblages. 
Allochthonous stem and rootlet remains (Cyperaceae type), probably from 
Bolboschoenus maritimus, were identified in samples from the mudflat and levee 
samples in the south-north transect, 4m away from a local growth of the plant. 
To summarise, the vegetation was mostly reedbeds dominated by 
Monocotyledon geophytes with common climbers (Calystegia) and an understorey of 
annual herbs and occasional geophyte perennial herbs. The Monocotyledon element of 
the vegetation was well represented in both seed and non-seed elements of the 
macrofossil assemblages, although local growth of the annual herb Atriplex tended to 
swamp Phragmites seed abundance. Macrofossils of the climbers Calystegia and 
Solanum were sporadic and under-represented, while the occasional perennial herbs in 
the vegetation were almost invisible. They were usually only represented by seeds that 
could not be distinguished from allochthonous inputs in terms of quantity or 
environmental tolerances. This pattern of representation is similar to other similar sites. 
4.7.10 Sub-surface samples from sediment blocks 
Sub-surface samples from Block 1 (137-139) contained lower seed abundance and 
larger quantities of rootlets, but were otherwise comparable to similarly sized surface 
samples (Tables 4.25 and 4.26). In Block 2, the depth samples were similar to the 50cm3 
surface samples, although they contained smaller quantities of Atriplex rootlets, 
possibly indicating recent vegetation change. In all respects, the derived seed indices of 
sub-surface samples in both blocks were similar. 
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Table 4.27 Burham Marsh: Sub-surface sample sediment data from Blocks I and 3 
Block 1 Block 2 
Depth % water % organic % water % organic 
0-2 65.5 24.8 48 17.8 
2-4 65.79 24.12 49.03 19.57 
4-6 66.04 23.31 49.47 19.86 
6-8 66.76 25.14 48.48 20.05 
8-10 62.15 20.28 49.75 21,14 
10-12 - - 48.36 26.52 
Depth sediment data for both blocks is shown in Table 4.27. Water content 
showed no trends with depth and varied positively and negatively from the surface 
mean figure. Organic content figures in Block 2 increased with depth, indicating slower 
sediment accumulation rates, decreased decay or increased sediment compaction with 
depth. No similar trend was observable in Block 1 where penetration by dense 
Phragmites rhizomes may have locally influenced the organic figures. 
4.8 Hickling Broad 
4.8.1 Location and topography 
Hickling Broad is a complex of herb and wooded fens, pools, reedbeds, mowed fens and 
grazing marshes surrounding the eponymous Broad on the River Thurne 2km northeast 
of Potter Heigham, Norfolk (grid reference: TG 423218). Herb fens lying outside the 
flood levee and still subject to periodic flooding were the main focus of interest in this 
study (Figure 4.55). With the exception of one mown area of Cladium mariscus (site 5) 
the sampled areas showed no evidence of recent disturbance, although the vegetation of 
the whole area is the result of long-term management and is unlikely to represent natural 
formations. 
4.8.2 Vegetation and surface litter 
Sample area 02 contained a mosaic of S4 Phragmites australis swamp community and 
S24 Phragmites australis - Peucedanum palustre tall herb fen community variants 
(Table 4.28). The latter vegetation was very diverse and included Iris pseudacorus, 
Peucedanum palustre, Valerian dioica, Typha angustifolia, Juncus subnodulosus, 
Eupatorium cannabimrm, Cladium mariscus, Filipendula ulmaria, Galitim pahistre, 
Lysimachia vulgaris and Solanum dulcamara. Site 5 was located in an area of mown S2 
Cladium mariscus swamp community and was relatively species poor. Areas 06 and 07 
were further variants of S24 Phragmites australis - Peucedanuum palustre tall herb fen. 
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Lysimachia vulgaris was especially common on site 06 and Ruiner hvdlro/apa/hrnn on 
07. Area 08 was an isolated stand of S25 P/iragmite. ti ulr. ýhclli. c-1; 11ý)C ioriunt eani u: hmum 
tall herb fen with a Juncos suh, iodri/ostis understorey. 
Surface litter mainly contained fragments of aerial debris from the local 
Monocotyledon dominant. In areas 06 - 08 large quantities of Dicotyledon leaf debris 
were also noted, although Monocotyledon debris was still dominant 
4.8.3 Sampling 
Samples were collected from 5 sample areas. Block I and four 200cm3 surface samples 
were analysed from area 02, the mosaic of I'hraginite. s swamp and species-rich herb fen. 
Single 200cm3 surface samples were also collected from the other four areas. 
4.8.4 Sediments 
Figure 4.56 Hickling Broad Organic and water content 
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Sediments in all sample areas were humified herbaceous peats ('t'able 4.28. ) in which 
the degree of humification and quantity of silt varied. Some of the sediments were 
clearly open to silt inputs from flooding of the Broad, especially at sites 06 and 08. 
Sample point 02 in area 02 also contained silts, being near an inlet in the broad-edge 
Samples from area 05 and 08 were particularly humified and much of the plant matter 
was decayed. All of the sampled sediments were penetrated by rootlets and often 
contained large fragments of rhizome and stem material. Water and organic content was 
high in all samples, water percentages ranging from 78% to 90% and the organic 
content ranging from 60% to 90% (Figure 4.56). 
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03\02\02 03102\04 0310706 03\02\07 Block I 03\03\0I 03\0601 03\07\01 03\08\01 
SedmtmtDesmiption Th2ShlAgl Th2Sh2Ag+ Sh3ThlAg4- ShMIAg+ Sh2Th2Ag+ Sh31h1Agr Sh271tlAgl Sh2Th2Ag4 Sh2ThIAgl 
Colour IOYR2/2 IOYR2l2 IOYR2/2 IOYR211 IOYR2/2 73YR2.5/2 IOYR2/2 IOYR2/2 IOYR2/I 
%water 89.43 88.39 87.8 90.02 8457 86.83 78.83 88.47 79.13 
/. organic 77.7 87.24 83.1 86.27 88.31 89.56 60.18 82.33 66.34 
CoverAbindance 
Calysregia set- 7 3 4 S 3 4 3 4 4 
Caraxriparta 2 1 
Cladaoa maiwus S 7 S 9 4 S 2 
Rupatoroon croseabboom 5 2 4 1 1 8 
Fiipendalav. bnarla 6 2 1 I 
Gati e palarfn agg. 3 3 2 
Ins psoudacorus 1 4 
Ja r,. Mo ulosus 4 5 S 2 
Lystmachta wlga is 2 1 5 8 4 
Lycopas aaopasus 3 
Paacedwua palastrv 4 2 4 1 I 
Ph-Smites msaalis 7 10 5 6 4 3 4 6 4 
RubesJhaicosus on. 3 
Pm «htdratap. th. n 2 4 6 
Solacan dukamaro 3 2 2 1 
Typha angumfotia 5 4 3 3 
Urtica dtotca 
Va/arlaaa diotca 3 2 
Dlstaneefiom neu-plant 
Alnusglutinosa 10-50m >SOm >SOm 
Aphon sp. 2-Sm 2-Sm 2-Sm 2-Sm 2-Sm 
Buala sp. S-lOm SIOm 10-SOm 10.30m >50m >SOm 
Catystegfa se iwn <0. Sm 03-2m <0.3m 
Cladaon martrcua <0.5m 2-Sm 0 S-2m <0.5m <0. Sm <0. Sm 0.3-2m 
Carasap. 2-Sm 0.5.3m 0. S-2m 
Epilobtwn sp. >SOm 
Eupatorpan eamabkmn S-I Om <0. Sm <0 Sm 0.5-2m <03m 
Fil pmdula abnaria <0. Sm <O. Sm 0.3-2m 
Galtwe palumv agg. 5-l um <0 Sm 2-Sm 
H drorotyli ndgaris 03-2m 03.2m 
bispsa daconu 2-Sm 2-Sm <0 Sm 
Juncus. abnodulosus SIOm S-lOm 2-Sm <O. Stn <0. Sm S-10m 03.2m S-IOM 0.3.2m 
ct Lathpvz sp. >SOi 
Luwla sp. >50m 
L. -Offl -ropau <0. Sm 2-Sm 5-10m 
Lystaachia ndgans 0.3.2m <0.51n <0. Jin <O In 
Lythram mlicmia 2-Sm 
Murtha sp. 2-Sm 
GnantSs sp. >SOm 
Peacdaman pahsne <O. Sm 0 3-2m <0 Sm 0.3-2m 0.3-2m 
Phragmttes australts <0 Sm <0.5m <O. Sm <0. Sm 0.5-2tn <O. 5m 0.3.2m <0.3m 0.3-2m 
Ranmcalus acres type 10-SOm 
Rohas fvh roses egg. <0.3m 
Rýaxhydrolapaduoe <0. Sm SlOtn SIOm <O. Sm 10"SOm 
Sallxsp. 10-SOm S"lOm 2-Sm 10-50m 
Smok: 'allrw, dl >SOm 
0 3-2m 
Schonoplacno lacuJMls >SOtn 
Solmoandakamma <0.5m <O. Sm <O. Sm 
Sonchwsp. >50 
Typha sp. <0 Sm 2-Sm 2-Sm 2-5m 3-I DM <O. Sm 10.30m 
Urdca diotca 3. I OM <O. Sm 0.5.2m 
Val rlana dioica 3-l Otn 
Chrnopodaan sp slam I0"SOm 
Table 4.28 Hickling Broad standing vegetation, sediment and distance data 
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Figure 4.57 flick}mg Broad seed cunulative concentration data for main tam 
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Figure 4.58 Hickling Broad Block I cumulative non-seed data 
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Figure 4.59a Hickling Broad Seed and Species abundance 
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Figure 4.59b Hickling Broad Seed and Species Concentration 
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4.8.5 Sources, incorporation and preservation of macrofossils 253 
Rich, diverse assemblages of both seed and non-seed macrofossils were preserved 
throughout the sample set (Table 4.29 a and b). Although the peat was subject to much 
humification, both seeds and less tough components were preserved. Several 
Dicotyledon leaf types were distinguished, the highest number from any site. Aerial 
components, including leaves and stems, were better preserved at this site than many 
others, although they still formed a minor part of the assemblages. Non-woody rootlets 
were preserved throughout the sample set and dominated the macrofossil cover 
abundance values. Rhizome fragments were also often preserved and several types were 
identified. Unidentifiable matter formed between 7% and 35% of the composition of the 
samples, the highest figure coming from sample 03/08/01. Non-seed remains could all 
be supplied by plants growing at or near the sample site with the exception of a 
fragment ofBetula sp. leaf in 03/02/04, probably blown in from nearby vegetation. 
Seed abundance (Figure 4.59) was very high in all of the samples. Seed numbers 
did not necessarily correlate with sample size, although in general more were present in 
the 200cm3 samples. The number of species was also high at between 8 and 19 species. 
The comparative figures for the number of seeds and species per unit volume show the 
variability in seed preservation and incorporation. The figures for small samples in 
Block 1 (samples 105 - 133) may support the notion that in this environment seeds were 
generally well dispersed from the parent plant but tended to accumulate in pockets and 
were not evenly distributed over the sediment surface. The figures for the 200cm3 
samples were at the higher end of the range for the whole project. Seed concentration 
figures varied little and were lower than the smallest samples, with the species 
concentrations being comparable. 
In most cases, plants growing within 2m of the sample point (Figure 4.60) could 
account for 70-90% of the seeds in the sample assemblages. Assemblages from samples 
03\02\04,03\02\06 and 03\02\07 contained a large proportion of seeds from outside the 
immediate sample area. Most of these intrusive seeds were from Betula, Juncos 
subnodulosus and Salix. Betula was not growing in the herb fen but on embankments 
overlooking the site. Its wind-adapted seeds have been found in several other sites at 
some distance from the source vegetation (e. g. Snape). The Hickling data indicate that 
even where the seeds of this plant are present in large numbers and form a substantial 
proportion of the dataset they may be allochthonous. Atkinson (1992) suggests that 
most seeds of Betula are shed within 50m of the parent plant by wind dispersal. In 
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circumstances where some local taxa set relatively little seed (e. g. I'hragmitrs in this 
case), Behula seeds may be over-represented. Salix seeds seem to have similar dispersal 
properties, the nearest plants being some 50m away. Juncu. s' suhnochilo. vu. s seeds are 
thought to be buoyant (Richards and Clapham 1941) and the large allochthonous 
assemblages in samples 03/02/02 and 03/02/04 probably floated to the sample sites 
from vegetation sampled by Block I and sample 03/02/07. Some seeds from 
Hydrocotyle vf/garis and Apium were probably from plants growing in the local 
vegetation but were missed in the vegetation survey. Two seeds of Alnus glutineosa were 
recorded in samples 105 and 03/06/01, presumably from trees growing nearby which 
have floated into the herb fen. 
Figure 4.60 Hickling Broad seeds frm set distances from the sample point 
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Sample ubiquity data are shown in Figure 4.61. The seed assemblages were 
diverse and contained a considerable number of allochthonous taxa, although most were 
found near to the sample point. The seeds of arboreal taxa were commonly present and 
while going some hundreds of metres away, were not present in close proximity to the 
sites. None of the seed assemblages contained all of the taxa in the standing vegetation 
with between 10% and 50% of the taxa absent. The 50% figure was from sample 02/04, 
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collected from vegetation containing only Phragmite. s and ('n/v. stegiu. The proportion of 
taxa missing from the vegetation represents the dispersal behaviour of this latter taxon 
that was generally poorly represented in seed assemblages. The non-seed assemblages 
contained largely autochthonous taxa and those containing allochthonous elements were 
largely present in nearby vegetation. The proportion of taxa represented in the non-seed 
assemblages was very low, and only in the samples with low vegetation diversity were 
larger proportions of the taxa represented. 
Figure 4.61 Hickling Broad Sample Ubiquity Data 
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4.8.6 Sample size effects 
The sample set is small but work on macrofossil representation in the block sample 
suggests that representative macrofossil samples were present. Cumulative percentage 
abundance diagrams were prepared for samples from Block I (Figure 4.57 and 4.58). 
Figures for the non-seed cover abundance values showed a similar pattern to elsewhere 
with the percentage abundance stable by 200cm 3 and varying little for most components 
at volumes of above 50cm3. The picture was not as stable as in some other blocks, with 
the figure for Cyperaceae rootlets rising from 100cm3 and obviously depressing other 
values, especially those of Juncus type rootlets. The difference is outside the range of 
errors for the cover abundance method. This variability may be explained in part by the 
0202 02 04 02uu (12 07 U11 0I uouI 07 01 OX oI 
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diversity of the standing vegetation. During excavation of the block it was noted that the 
stems and bases of many different taxa were present over a very small area, much more 
than in any other block excavated so far. Root abundance may vary correspondingly. 
The seed assemblages were dominated by Juncus subnodulosus, but followed a similar 
pattern to the cover abundance values, stabilising by 100cm3 (Figure 4.57). The data 
suggest that while the samples provide a rich source of information, the sheer diversity 
in species and macrofossils may make samples from rich herb-fen environments more 
variable than other environments. 
4.8.7 Quantitative analysis 
CA of the seed assemblages produced a confusing group (Figure 4.62a). There was 
essentially little to divide the samples and most of the main sample components provide 
a weak basis for sample differentiation. Minor components provided the main dividing 
factors. Samples were split between those with large quantities of Phragmites, Juncus 
subnodulosus and Cladium seeds and those with few, or large quantities of other seed 
types. Samples from Block 1, area 2 and area 5 were grouped loosely together and 
divided from the other samples on this basis. Samples from areas 6-8 contained 
different seed assemblages, with high levels of taxa rarely found elsewhere, including 
Eupatorium cannabinum. CCA showed a rather poor correlation between seed 
abundance and abundance in the standing vegetation (Figure 4.62b). Several taxa 
showed a correlation between seed abundance and standing vegetation cover 
abundance. These included Cladium mariscus, Urtica dioica, Galium palustre, Juncos 
subnodulosus, Eupatorium cannabinum. The results adequately showed the great 
overlap in the distribution of the seeds of many taxa in the assemblages. 
CA of the non-seed assemblages split the samples into four main groups (Figure 
4.63a). Samples 03/02/02 and 03/02/04 were well separated from the others on the basis 
of the presence of Phragmites components and Type 1 roots. Samples 105,108, 
03/02/07 and 03/06/01 were separated on the basis of the presence of Juncus rootlets, 
and some Cladium/Cyperaceae components. A third group of samples was split from 
the others on the basis of the presence of a number of components, including Iris 
rhizomes and Cyperaceae components. This included many of the samples from the 
Block, 03/06/01 and 03/08/01. Samples 03/05/01 and 03/05/01 formed an intermediate 
group between groups 1 and 3. The CA was confused and illustrates the high spatial 
variability in macrofossil assemblages, reflecting the high floristic variability in the 
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vegetation. It should be noted that individual occurrences of macrofossils were removed 
from the CA data, taking away the individual records of Rumex hydrolapathum, 
Eupalorium cannabinum and Lysimachia vulgaris leaves from samples 105,03/08/01 
and 03/06/01 respectively. Inclusion would have separated all three samples from the 
rest of the group. 
CCA of the non-seed data showed a good correlation between the macrofossils 
of Phragmites and the presence of it in the vegetation (Figure 4.63b). Correlation 
between the presence of the main other dominants and standing vegetation was variable, 
although Cyperaceae components, especially the rootlets, were moderately well 
correlated with taxa of that family, especially Cladium mariscus. Juncus components, 
especially the rootlets, were also well correlated with occurrences of Juncus 
subnodulosus. Other taxa, including Iris pseudacorus, Eupatorium and Lysimachia, had. 
occasional occurrences of non-seed remains where they were present in large quantities 
in the standing vegetation. Many species were absent from the non-seed records. 
Combined CA of the seed and non-seed data (Figures 4.64a) split the samples 
into similar groups as above and showed that there was a moderate correlation between 
seed and non-seed data occurrences. The non-seed data improved the division of 
samples made on the basis of seed occurrences. The CCA (Figure 4.64b) showed that 
broad correlations were present between the macrofossils and standing vegetation of 
some taxa. The data were, however, confusing and no straightforward interpretation was 
possible of the data. Non-seed macrofossils were more spatially accurate than the seed 
data, but were much less easily interpreted than in other sites. 
4.8.8 Vegetation representation 
Most samples contained the seeds of 70%-90% of the species recorded in the local 
standing vegetation. Representation was better in the 200cm3 samples in which only one 
or two of the species in the vegetation were missing as opposed to 3 to 4 taxa in the 
smaller samples. Most of the taxa present in the samples were of local origin, although 
the nearby tree species often contributed significant, but allochthonous, quantities of 
seeds to the assemblages. 
Some trends in the representation of taxa were noted in the seed abundance and 
when the presence of taxa in samples were compared (Table 4.30). Calystegia sepium, 
Iris pseudacorus and Galium palustre were usually under-represented in all samples, 
suggesting low seed productivity and dispersal. Solanum dulcamra and Filipendula 
Figure 4.62a Hickling Broad correspondence analysis of seed data 
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Figure 4.62b Hickling Broad canonical correspondence analysis of seed data 
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Figure 4.63a Hickling Broad correspondence analysis of non-seed data 
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Figure 4.64a Hickling Broad correspondence analysis of seed and non-seed data 
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Absent when in Present in % absence % absence 
Taxon Vegetation vegetation all samples 200cm samples 
Solanum dulcamara 7(0) 10(3) 70 0 
Calystegia sepium 11(5) 15(8) 73 63 
Peueedanumpalustre 1(0) 11(4) 9 0 
Lysimachia vulgaris 1(0) 11(4) 9 0 
Irispseudacorus 5(1) 8(2) 63 50 
Filipendula ulmaria 3(0) 10(2) 30 0 
Galium palustre 2(2) 3(3) 67 67 
Carex riparia 1(1) 1(1) 100 100 
Present when not Not present in % presence % presence 
in vegetation vegetation all samples 200cm samples 
Betula sp. 12(5) 15(8) 80 63 
Salix sp. 4(4) 15(8) 27 50 
Alnusglutinosa 4(1) 15(8) 27 13 
Cladium mariscus 0(0) 0(0) 0 0 
Eupatorium cannabinum 0(1) 3(3) 33 33 
Filipendula ulmaria 0(0) 5(5) 0 0 
Galium palustre 3(3) 13(6) 23 50 
Juncussubnodulosus 1(1) 5(5) 20 20 
Lysimachia vulgaris 0(0) 0(0) 0 0 
Peucedanumpalustre 4(4) 1(1) 25 25 
Rubus sp. 0(0) 0(0) 0 0 
Rumex hydrolapathum 3(3) 6(6) 50 50 
Solanum dulcamara 0(0) 0(0) 0 0 
Typhaangustifolia 8(3) 11(4) 73 75 
Urtica dioica 0(0) 0(0) 0 0 
Valerian dioica 6(0) 13(6) 46 0 
Table 4.30 Representation of taxa in the samples from Hickling Broad 
were also under-represented, although representation improved in larger samples, 
suggesting that the seeds may be produced in small numbers but are well dispersed. In 
this case large samples include the seeds, but representation in smaller samples is 
sporadic. Betula, Salix, Alnus, Eupatorium cannabinum, Typha, Valerian dioica and 
Rumex hydrolapathum were all present in several samples where lacking in the 
vegetation. Seeds of all of these taxa have specialised dispersal mechanisms and seem to 
have a well-dispersed seed rain. Most were present in relatively low numbers, some, 
such as Typha were present in low numbers even when an important part of the 
vegetation. Juncus subnodulosus and Galium palustre were also present as 
allochthonous elements in fewer samples. These data suggest that the seeds of some 
taxa, such as Galium palustre, may be so sporadically incorporated in sediments that 
they could not reliably be used as a basis for comparing samples on the basis of 
presence/absence of taxa. It also suggests that the seed assemblages overall, with the 
exception of some taxa, are comparable to the standing vegetation in presence terms. 
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CCA showed that the vegetation composition could not be directly interpreted 
from seed abundance, although large abundance of seeds of a particular taxon (e. g. 
>50%) was usually indicative of substantial local presence. An exception here was J. 
subnodulosus, which was over-represented throughout. In areas 05,07 and 08 the 
dominance of the seed assemblages by Cladium mariscus, Rumex hydrolapathum and 
Eupatorium cannabinum did reflect a local dominance in the vegetation of these taxa. 
Phragmites was only present in large numbers where it was dominant in the vegetation 
(03/02/02,03/02/04 and 03/01/01). A local presence of taxa that contributed few seeds 
to the seed sum and are apparently poorly dispersed, such as Lysimachia, may be 
indicated by percentage presence of 5% to 6% in the seed assemblages. 
Incorporation of the remains of bulky Monocotyledonous taxa was favoured in 
the non-seed assemblages with taxa such as Cladium mariscus, Phragmites australis 
and Juncus well represented. In most sampled areas these taxa were important, but not 
necessarily dominant taxa in the standing vegetation. Dicotyledon taxa were poorly 
represented, usually only discernible by the presence of occasional leaf fragments. 
These were only incorporated where large quantities of litter were being produced by a 
locally dominant Dicotyledon taxon (samples 03/06/01,03/07/01 and 03/08/01). Many 
of the rootlets of these taxa would be in the indeterminate or Type 1 root group and so 
indistinguishable from those of Poaceae taxa. The bias towards the Monocotyledons 
reflects the growth habit of the taxa present in the sampled areas that tend to produce 
large quantities of adventitious rootlets on extensive rhizome or stolon systems. They 
also produce large quantities of leaf litter and stems that often have long subterranean 
sections more prone to preservation. 
Climbers Calystegia sepium and Galium palustre were present in all of the 
sampled vegetation stands, but present only in 6 out of the 15 samples. Calystegia was 
especially under-represented, a pattern seen also at Burham marsh. 
The assemblages of Monoctyledon remains only accurately reflected the 
abundance of taxa in the surface vegetation when it was dominated by a single taxon. 
Samples 02/02 and 02/04 were from areas rich in Phragmites and included large 
quantities of stem and leaf material. Typha angustifolia was badly preserved, although 
Juncus vegetative remains were more indicative of a local presence than the well 
dispersed seeds. Cladium was preserved well even when forming a minor vegetation 
component, and there was little difference in the total quantity of incorporated Cladium 
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remains between 03/05/01 and some of the smaller samples from the blocks. Iris was 
only represented by a rhizome fragment in one of the samples in which it was preserved. 
Rubes fruticosus was the only shrubby plant present in the sampled vegetation at 
site 03/08/01. Both the spines and seeds of the plant were found in that sample alone 
and represented 8% (= DOMIN cover abundance 4) of the seed assemblage, less than 
the cover abundance of the taxon in the standing vegetation (DOMIN cover abundance 
5). Tree seeds were over-represented in all of the samples, being present in all of the 
samples, even though tree species were absent from the sampled standing vegetation. In 
03/02/02 they represented 22% of the seed assemblage. These data must question the 
suitability of tree seed assemblages to provide accurate information about local tree 
cover, although the presence of the seeds does accurately reflect the presence of trees 
nearby which were mainly Betula, Salix and Almfis, the latter at some distance from the 
site. 
4.9 Wet woodlands at Bure Marshes and Wicken Fen 
Two wet woodland sites, Bure Marshes and Wicken Fen, were sampled during 
fieldwork. Both sites were heavily influenced by human activity; however, they 
provided some of the best and most accessible wet-woodlands prospected during 
preliminary fieldwork. Both sites contained managed woodland `panels' in which 
varying management regimes were enacted and the water levels were managed using 
ditches, canals and sluices. Sampled wet woodland sites have been treated together in 
this section because each panel is in effect a separate environment. 
4.9.1 Location and topography 
Bure Marsh (grid reference: TG 335170) lies between the villages of Woodbastwick and 
Horning on the River Bure, Norfolk (Figure 4.65). It contains a mosaic of managed fen 
habitats including alder and birch carr, willow swamp, reedbeds, mowed Cladium 
marsh and grazing marsh. The site is isolated today from the waters of the Bure by flood 
defences and is dissected by narrow access canals. Groundwater flooding provides the 
main hydrological influence on sedimentation and ecology and much of the site is 
permanently wet with standing water in the winter, Wicken Fen (grid reference: 
TL533705) is a managed fen remnant 14km northeast of Cambridge (Figure 4.66). A 
mixture of carr, reedbeds, sedge and litter fields is actively maintained in one of the 
oldest nature reserves in Britain. 
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Figure 4.66 Wicken Fen location map (inset) and sample points (numbers in boxes) 
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4.9.2 Vegetation and surface litter 
At Bure Marshes the wooded vegetation is mainly coppiced W5 Almms glutinosa-Carex 
paniculata woodland (Table 4.31). Much of the sampled vegetation was in the W5 
Lysimachia vulgaris sub-community, although extensive patches of W5 Phragmites 
australis sub-community were also recorded. In all sampled areas Alnus glutinosa 
formed an important element of the canopy and dominated at sites 04 and 05. Area 05 
contained uncoppiced alder scrub. Salix cinerea and Betula pubescens also achieved 
local dominance in some stands and dominated sample site 08. In drier areas occasional 
specimens of Fraxinus excelsior, Sambucus nigra and Crataegus monogyna were 
recorded. The ground flora was typically dominated by sedges, including Carex 
paniculata, Carex appropinquinta and, locally, Carex riparia. Ferns, especially 
Dryopteris diliatata and Athyrium felix-femina were abundant on the raised, dry tree 
stumps and Thelypteris palustris dominated the ground storey of some panels. Osmunda 
regalis, Phragmites australis and Iris pseudacorus also attained extensive local ground 
cover. Climbers such as Lonicera periclymenum and Humulus lupulus were not 
uncommon. Mosses were abundant, especially Eurynchium praelongum. 
At Wicken fen the sampled wooded areas were mainly in the W2 Salix cinerea- 
Betula pubescens-Phragmites australis community. Areas 01 and 02 were situated in a 
closed canopy woodland dominated by Betula pubescens with an understorey of 
Frangula ahms and sparse Salix cinerea, Rosa and Crataegus monogyna. The 
groundstorey under the woodland (01) had a sparse flora of Molina caerulea, 
Phragmites australis and Eupatorium cannabinum. Area 02 was a glade within the 
Betula-Frangula woodland dominated by Molinia caerulea and Phragmites australis. 
The ground flora in areas 01 and 02 contained some Sphagna and had similarities to 
W2b Sphagnum sub-community. The canopy in area 03 was dominated by Salix cinerea 
in which there was moderate abundance of Frangula ahnis and a ground flora 
dominated by Thelypteris pahustris and Urtica dioica. 
The litter layer at Bure was sparse and consisted mainly of tree leaves and twigs, 
both usually partially decayed. Much loose litter was apparently incorporated directly 
into the peat surface. Where Carex paniculata and other monocotyledonous plants were 
dominant, sparse mats of fallen stem and leaf remains were present. Peat quality varied 
between the permanently wet patches of ground in between the trees and that formed on 
the dry tree bases. The latter was densely packed and contained more dried leaf remains 
while the former was soft with visible leaf fragments. 
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Site Bure Bure Burg But. Bure Burg Burs Wicket Wicken Wicken 
Stte'Sampla 04b1ockt 04\03 04\09 0S\02 03\06 08\01 08\03 01\01 02\01 03\01 
Sediment Descrtptlon Sh37L111+ Sh2Th2T1+ Sh3Th1'M Sh41h+77+ Sh3Th1T}* Sh47b+TI+ Sh47b+T}+ Sh37hlT1+ Sh3ThlTh+ Sh37bl7b+ 
Calmar 1OYR212 IOYR2/I IOYR212 IOYR211 10YR2I IOYR2/1 IOYR211 IOYR 3/2 10YR 2/1 IOYR 2/1 
%water 88.54% 79.54% 83.78% 81.62% 80.11% 82.58% 83.67% 39.44 63.41 65.17 
%organk 88.70% 90.41% 89.20% 8937% 88.95% 88.37% 88.49% 78.1 80.27 84.07 
CovoAbundance 
CanopyAbwsghamoaa 9 9 9 9 9 6 6 
Canopy Brnda pubescour 6 6 8 8 
Canopy Frangula akut 5 
CattopyFroxawrescd, lor 2 2 2 
CanopySalucln. rea 4 4 4 8 8 9 
UndastorryAcerpsaudopMianss I I 
UndastotyAhnu, gluriiosa I 1 1 4 4 1 1 
UndastoreyBetu/apubexens I I I 1 1 7 4 
Understorey lnmgula abm, 6 6 
UndastoteyFras6w, exoelstor 4 4 1 
UndastoreyCrataogu, mortog)rta I I I 
UndastoceyRo a sp. 1 
UndastorySa/LSmwa 4 4 4 4 
Calyslgla , gtum I 
Cara: q pmpMguinta I 
Carespo'tndara 7 8 6 8 8 
Carespandula 4 4 
Carexronota 5 3 S 
Dryoptertr diluata 3 
Eupaiorftm camaboaen 3 1 
Filip. ndula ulnarta I I 1 
Galturs palusnr egg. 2 2 2 2 
Irisp, eudacorus 2 4 7 4 4 2 
Lycopureurnpaeau, I 
Mollnia caerulea 2 8 
Phragmltes austrdis 1 3 1 6 3 
Phalarts anmdinacea I 
Ribesnignmr 2 6 6 S 3 
Rubus fiutlcosus off S 3 
Soloman dulceara 2 2 2 2 2 2 2 1 
7hdyp: MSpa/u, ui, 4 4 7 7 3 
Urach diotca 2 2 2 2 1 4 5 
Bryophyta 5 3 S 3 6 
Opal ground 5 4 
Distance to nearest plant 
Ab, u, g/unnosa <0.3m <O. Sm <O. St <0.3m <03m <0. Sm >30m 
Betale sp. 2-5m 2-Sm 2-5m >SOm >S0m <O. St <0. Sm <0.5t 2-5m 10-S0m 
Sahx. a. 2-5m 2.5m <0.5m 2-Sm 2-Sm <0. Sm <0. Sm 2-5m 2-Sm <O. St 
Frwigula alnu, <0.7m 
Frwdnw-,. War 5-I0111 5-tOm 2-Sm 
Angelica sylwsasis >5 m >30m 
Apera ep. >30m 
Aptran sP >SOm 
Ca1flMdhe stagnant >SOm 
Caresofdmndra 10-S0m >5Cm 
Cares nreaa 0 5.7m 0 S-2m <O. St 0. S-2m 
Carespatlculata <O. Sm 0.3-2m <0 Sm <0. Sm <0. Sm 
Cares cf pmdula 2-Sm 2-Stn 
Characese >SCm >50M 
Cirswn pahutrt, 10-S0m 10"SOm 
Dryoptersr dilltata 0. S-2m 0.5-2m 
Epiobaan sp. >50m >50m 10-50m 
Eupatorwn ca nabaaee >SOm 2-Sm 2-Sm 2-l Om 
Filicales <0. Sm 0. S-2m 0. S-2m 2-Sm <0.5t <O. St <0.3m 
Flllpandulaubnaria 0.5-2m 5-10m >5Cm 
Galion pahatre 0. S-2m 0. S-2m 
Irtspiudaconu <O. St 2-3m <0 Sm 
Junta, egu, ms type 10-mm >50m 10.30m 10-S0m >Sotn 
Lemma sp. 10-S0m 
Lycaput europaeu, 0 S-2m 5-10m 
Mwtha ep. S-l0m 5-lOt >50t >5Cm 
Mallnla ea. /ka <0.3m 
Phrag tt., oastraN, S-1 Om <0. Sm 0.5-2m 
RubusJiiNconaegg. >5Cm 
Sambueur nlgra 10.30m 
Solau, n dulcmnara 0.5.2m <0.5m 0.5.2m 
Sla/aria pabutre 2-Sm 
Theljpt rspalusM, <0. Sm 
Urdca dotca 0.5-2m <0.3m 2-Sm 10.30m 2-Sm 0. S-2m 
Bryophyta <0.3m <0.3m <0. Sm <0.5m 4.5t <0. Sm <0. Sm <0.3m <0 Sm <0 Sm 
Table 4.31 Wet woodland standin g vegetation, sediment and distance data 
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Litter was more conspicuous on the drier surface at Wicken Fen and generally 
reflected the local vegetation. At site 01 the litter was dominated by Betula leaves, 
branch and twig debris. Grass culms and mosses were sparsely distributed. At 02 peat 
between the Molinia tussocks was covered by a thick layer of grass stem and leaf 
detritus. Betula and Salix leaves were sparsely present throughout the litter layer. 
Mosses grew over the litter layer and did not appear to become incorporated within it. 
At site 03 the litter layer was again thick and consisted mainly of Salix leaves mixed 
with twig and branch wood, occasional grass culms and Thelypteris pinnae. 
4.9.3 Sampling 
One block and two 200cm3 samples were analysed from sample area 04, a stand of 
closed canopy coppiced W5 Alnus-C. paniculata woodland Lysimachia vulgaris sub- 
community with an extensive ground storey of Carex paniculata. The block was 
collected from the fen surface in the most extensive type of groundstorey vegetation. 
Sample 04/03 was from the raised peat on a tree base and sample 04/09 was from an 
area dominated by Iris pseudacorus. Two 200cm3 samples were analysed from area 05, 
an area of unmanaged alder carr, with a young canopy and similar ground flora to that 
of 04. Two samples were also analysed from area 08, dominated by Betula pubescens 
and Salix cinerea, with smaller quantities of Almis and having a ground flora rich in 
Thelypteris palustris and sparse Phragmites australis. Three 200cm3 samples were 
analysed from Wicken Fen, one from each of the sample sites. 
4.9.4 Sediments 
The sediment in all sampled areas was a humified, dark peat of varying quality. At Bure 
marshes the peat in all of the sites was soft, permeated by rootlets and penetrated by 
twigs and branches. Troels-Smith descriptions were dominated by Substantia humosa 
(Sh) with only small quantities of recognisable plant tissue (Table 4.30). The sediments 
at the site typically contained up to 88% water, the lowest figures from dry peat on a 
tree bole (Figure 4.67). Percentage organic content was also very high at between 87% 
and 90%. Peat at Wicken Fen was typically much drier than that in Bure. In area 01 the 
peat was dry, humified and had little visible structure. Peat from area 02 was a well 
preserved fibrous peat in which plant fibres, especially stem, leaf and root remains were 
visible. Area 03 contained a woody peat, with obvious wood fragments and twigs. All 
of the peat samples had a water content of 59% - 65% and an organic content of 78% - 
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82%. This was lower than Bure marshes and may indicate a greater degree of decay at 
the site, reflecting perhaps the effects of de-watering that has only recently been slowed 
down. 
Figure 4.67 Bure Marsh and Wicken Fen Organic and water data 
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4.9.5 Sources, incorporation and preservation of macrofossils 
Plant macrofossils were preserved in abundance in all of the samples (Table 4.32 a and 
b), although degraded plant matter (UOM or Suh. stantia Mimosa in the Troels-Smith 
descriptions) was common in all of the samples. Much of this substance was 
unidentifiable, but in samples from Bure Marshes it was found to be composed of 
degraded wood fibres. The macrofossil assemblages were diverse and incorporated a 
wide variety of seeds, buds, vegetative material and woody structures. Most of the 
material was autochthonous with only a few seeds and fruits deriving from non- 
recorded taxa. 
Seed concentrations varied in the 200cm3 samples between 1.3 and 4.88 seeds 
per unit of sediment (Figure 4.68b), with the concentrations of all countable 
macrofossils (including bracts and bud-scales) being between 1.39 and 7.87. Seed 
abundance and concentration figures for Wicken Fen samples were higher than those for 
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Figure 4.68a Seed, seed and bract and species abundance 
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Figure 4.69 Bure/Wicken seeds from set distances 
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Figure 4.71 Wet Woodland Sample Ubiquity Data 
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Bure, perhaps reflecting the concentration effect of higher rates of decay in the 
sediments. Species indices were similar. 
Seeds and fruits in the assemblages were largely autochthonous, with 80% to 
90% of seeds in the samples deriving from plants recorded within 5m of the sample 
points (Figure 4.69). Sample 14/03/01, however, was an exception, with the 
autochthonous seeds of Salix being swamped by the seeds of Betula, the nearest 
specimen of which was greater than 50m away from the sample point. Otherwise only a 
minor percentage of the seeds was from plants greater than 50m distance from the 
sample point. Some of these taxa may have been missed in the vegetation recording, 
especially those such as Callitriche and Stellaria pa/ustre. Cirsium palustre and 
Epilobium both have seeds that are well dispersed by the wind. Other taxa, especially 
those of the aquatics, may have entered the peat during annual flooding from ditches, 
canals and pools on the sites. 
Taxa from all levels of the vegetation were present including canopy, 
understorey and groundstorey. All of the sample assemblages were dominated by the 
seeds, fruits and bracts of tree species (Figure 4.70), with the exception of many of the 
Block samples. This discrepancy may reflect local concentration effects. Of the arboreal 
taxa, canopy species dominated the assemblages, with the understorey taxa only 
occasionally contributing to the assemblages. Filicophyta were represented by sporangia 
that were unevenly distributed and prone to form local concentrations (e. g. sample 
01/104). Sporangia were present in considerable quantities in the Block samples and 
contributed to the dominance of non-arboreal taxa in the assemblages, although removal 
of them from the seed sum only radically affected the composition of sample 0 1/104. 
Seed preservation varied considerably. Salix seeds especially were often decayed 
and it is uncertain if this taxon would persist in an identifiable state in the fossil record. 
The lack of Salix seeds in the fossil record has been discussed elsewhere and the 
observations presented here suggest that the cause may be selective decay and removal 
rather than low incorporation rates. 
Arboreal taxa were represented, often in considerable quantities, by capsules, 
bracts, cones and bud-scales. Most of these components were from the wetland arboreal 
dominants Alnus, Salix and Betula. 
Of the non-seed material, woody components were common in all of the 
samples, usually contributing at least 20% of the total sample cover abundance. The 
main exception to this was sample 14/02/01 from the Molinia stand at Wicken Fen. This 
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sample was dominated by non-woody components and only twigs were recorded, 
showing how the litter and vegetation at the sample point may exclude some materials. 
Wood in general was highly degraded and of a size below that required for 
identification. Bark and twig remains were also common. Most of the wood was from 
aerial structures. Branch and twig sections commonly penetrated the soft peat at Bure 
marshes and were found to penetrate the block sample for up to 20cm. While aerial 
wood is a major contributor to the peat the observations from Bure suggest that much 
decays rapidly at the peat surface and only the twig and branch wood that penetrated the 
peat surface was in good condition. These observations suggest that well preserved 
wood from similar sedimentary facies may not be contemporary with the peat in which 
it is preserved but with later peat growth, the wood surviving only because it penetrated 
the peat surface. 
Leaves were commonly preserved in the samples, especially those of the 
arboreal dominants, although only in sample 14/03/01 were they major sample 
components. In this sample, the dense Salix leaf litter was well preserved, possibly 
because of high groundwater levels. At both sites leaf litter formed continuous and thick 
surface cover. Leaf remains actually incorporated into the peat were usually, but not 
always, highly fragmented. Individual fragments were often partially decayed and small 
fragments of detached veins were not uncommon. Leaf identification was successful in 
many cases, especially where margins were preserved. 
Understorey and minor canopy taxa were absent with the exception of two 
fragments of Fraxinus leaf. The absence of Frangula leaves was interesting considering 
that it was an important floristic component at Wicken Fen. During reference specimen 
preparation the leaves of this taxon were found to be very fragile and rapidly 
disintegrate in NaOH. This contrasted sharply to most other arboreal taxa which could 
successfully and easily be cleared using this method without undue damage to the leaf 
structure. This suggests that Frangula leaves may be selectively decayed. 
Filicophyta pinnules were occasionally preserved, although preservation was 
uneven and fern species were most commonly preserved as unidentifiable sporangia. 
Monocotyledon leaves and stems were common components, with Poaceae and 
Cyperaceae remains dominant, reflecting the dominance of the taxa in the groundstorey 
vegetation. Rhizomes were also commonly preserved and rootlets were the most 
common subterranean plant structures in all of the samples, especially Cyperaceae type. 
Large quantities of rootlets were unidentifiable, having lost the upper epidermis. In 
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contrast to the ubiquity of moss species in most sub-environments in the marshes, moss 
remains were present in few samples. 
Sample ubiquity data are shown in Figure 4.71. Seed assemblages contained 
mainly autochthonous taxa, although several from Bure Marshes contained many 
allochthonous taxa. Incidentally, these were usually present in low abundance. A 
smaller proportion of allochthonous taxa were present in nearby vegetation in these 
samples and a considerable proportion of taxa were missing from the assemblages, 
typically 40% to 60%. The non-seed assemblages consisted entirely of autochthonous 
taxa and contained far fewer taxa than the seed assemblages. As with the seed 
assemblages the autochthonous taxa present in the non-seed assemblages were generally 
the most abundant in the vegetation. 
4.9.6 Sample size effects 
Cumulative cover abundance values for the Block samples from Bure Marshes were 
very stable, even at low volumes, although the figures were swamped by unidentified 
matter, usually accounting for approximately 50% of the cover abundance values 
(Figure 4.72). More variation was recorded in the samples when cumulative abundances 
were re-calculated without unidentifiable matter, although the percentage values and 
rank order were stable at and above 200cm3. Cumulative seed, fruit and similar 
component macrofossil data showed a similar pattern, although the figures were more 
affected by unreliable local concentrations of some components, for example Filicales 
sporangia. The canopy and groundstorey components were separated. The canopy 
components showed little variation in percentage abundance and rank order from 50cm3 
upwards, the main variation being in Abius bracteoles. The groundstorey components 
were more variable, mainly because of the variation in Filicales sporangia; however, the 
pattern of rank order was stable by 150cm3. 
4.9.7 Quantitative analysis 
CA of the seed assemblages (Figure 4.73a) showed the main influences on the sample 
set were Betula components (positive on the first axis and negative on the second), Salix 
components (positive first axis and positive second axis), Alnus and Carex (negative 
first axis and clustered near the origin on the second). The samples from Bure Marshes, 
with the exception of those from area 08, were grouped to the negative side of the first 
axis. Much of the variability between the Bure Marsh samples from the Block, Areas 4 
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and 5 were split mainly by the quantity of different bract, bud-scale and cone 
components and Salix seeds. Samples from area 08 contained many Belula and Salix 
seeds, being dominated by the latter. CCA (Figure 4.73b) showed that Alnus, Betula, 
Carex and Salix macrofossil abundance were correlated broadly with standing 
vegetation abundance. Betula cone, budscale and bract abundances were better 
correlated with the local presence of the species than the seeds. Salix components were 
also correlated with the standing vegetation; however, the best arboreal correlation was 
with Alnus remains. Only the Carex seeds of the groundstorey vegetation had high 
correlation with standing vegetation, with Carexpaniculata having the best correlation. 
Fern sporangia abundance was shown to have no direct correlation with standing 
vegetation abundance. 
CA of the non-seed assemblages (Figure 4.74a) split the samples into a loose 
group of samples from Bure Marshes with the samples from Wicken Fen having high 
positive values along the first axis. The main influences on that axis were Betula leaf 
and bud-scales, Phragmites stems and rootlets. The Bure Marshes samples were 
clustered along the negative side of the fist axis, the main influences being the presence 
of Cyperaceae components and Alnus leaves. CCA (Figure 4.74b) showed that most of 
non-seed remains showed a close correlation between macrofossil abundance, including 
leaves, stems and rootlets, and standing vegetation cover abundance in the main 
Dicotyledon arboreal elements, Monocotyledons and ferns. Of the main arboreal taxa 
Alnus had the poorest correlation between leaves and standing vegetation. Several taxa 
were missing from the assemblages. 
Combined CA (Figure 4.75a) showed the influence of seed and non-seed 
macrofossils from the main arboreal and groundstorey dominants that were often 
present in coherent groups in the same sector of the diagrams. The patterning shows that 
coherent, site-specific macrofossil assemblages are formed in wet woodlands. The CCA 
plot (Figure 4.75b) confirmed that different groups of macrofossils were broadly 
correlated with standing vegetation cover abundance values of the appropriate taxa. 
Taxa such as Iris, Eupatorium cannabimim, Lycopus europaeus and Solarrum 
dulcamara were largely under-represented or mis-represented. Woody components 
were poorly correlated to any one taxon, although were more strongly correlated with 
Alnus records. This may reflect the higher water levels and better preservation in the 
alder-dominated wet woodland sites. Wicken samples had higher rootlet values, perhaps 
reflecting higher compaction rates and density of vegetation growth at the site. 
279 
45.0°o - 
40.0°, 
35.0°u 
30.00o 
J 
v 25.0°o 
c 
20.0°, ö 
15.04% 
10.0°/ö 
5.0% 
ü 0.0% 
13 25 50 75 IN 150 200 250 
Sample Volume 
0 Alnus glutinosa Bracteole A Alnus glutinosa Seed 
e Betula sp. Seed -- -R -- Salixsp. Seed 
f Filicales Sporangia Call xrcn1)tatypc lýniit 
" Carexpaniculata type Fniit -- -"- -- Canxsp. Fruit 
ED Alnus glutinosa Bud-scale - -- - Hetula sp. Bud-scale 
25 %ö 
20°, o 
v 15°ö 
v 
c 
a 
.n Q 
00 
1O °o 
5°0 
V. A- 
12.5 
Figure 4.72b Blue Marsh Block I cumulative non-seed data for main taxa s%ithout 
Indeterminate matter 
p Alnus glutinosa Leaf - -II-- - Sah\ sp. leaf 
  Indet. Wood " Indo. T«ig 
9 Indo. Bark - -P --I idet. Wood root 
ýE Cyperaceae Non-%N; odv root --l-C'y'peraceac Rhii. ome 
I idet. Non-%wodv root 
25 50 75 100 150 200 250 
VoILMIC 
300 
300 
Figure 4.72a Bure Marshes Block I seed cunuilative data of nmiu taxa 
2 80 
Figure 4.72c Flure Marsh Block Icumulative seed abundance diagram for 
canopy eIenmnts 
60°. % 
50%, % 
40% 
U 
30°0 
iz 
20°0 
100o 
0% 1' !' -*--- 
12.5 25.0 50.0 75.0 100.0 150.0 200.0 250.0 300.0 
Sample Volume 
0 Alnus glutinosa Bracteole - 0--- Alnus glutinosa Cone 
A Alnus glutinosa Seeds 6 Bel Lila sp. Seed 
)E Betula sp. Bract " Salix sp. Seed 
------- 
Figure 4.72d Bure Mars-}t Block sample cumulative seed data for gnoundstorey 
elements 
600 o 
50% 
400 o 
30°0 
20°ö 
1000 
O%N --- -- Y ---- r ----I----- r----- W -=---. i=- IN 
13 25 50 75 100 150 200 250 300 
Filicales Sporangia A Carex rcmutatypc Fruit 
Carcx paniculata type Fruit A Carex sp. Fruit 
-- Galirun palustre Fruit -0 Alnus glutinosa Bud-scale 
t- -- Betula sp. Bud-scale 
? KI 
Figure 4.73a Wet Woodland correspondence analysis of seed data 
<D 
1411: 1lt1 
0 
L , ft, 
" 
01.0506 
0 
ra »a 1 00 111 01,0502 " 01 08 03 
01 04.03 0 +fyý m"n sedM 
. lx 6: cý +lx +"d 
exu ad "ap +. d 
01.04.09 " 't"bý, "" ' "a 
00 "alneon ". pI,. d 
'I. bud" aln,. d ba"d 
"F sea 
-- ----------------------------------------------------------------------- 
exds"d 
103 OO. tbc 
-b vn cxp .a 
104 102 
, bn"a 101. ; fO126 f'ý spy cxr s"d "plt +"d 
lvcd 
O 
124 
0120 
""b. 
lbn 
uti s. d bet bsc 
12200 
"iýp'd 
121 b. t cow 
" 
14 02.01 moos 14 01 01 
O 
'--I 
-1.0 +1. U 
Figure 4.73b Wet Woodland canonical correspondence analysis of seed data 
CD 
thy pal 
0140301 
rib nig " sLX 5tp 
" frn can 
_ot 
08 03 
six canofo5osfrnund 01 0801 
fill sed cxu sed (l crx rol men sed sol sed 2; 
03001 
060 
Ira psu 01.04 \ýhd 
btz bsc 
sol dul ace can 
, U, br 
" 
G4/lgal 
pal urt 
eup sed mos nd 
09 
01 ico4, P1 std 
aln can In 
b-&Io nln sed 
'ý 
= 
ýefsed urt dio 
------------- - ----- *-betsed --- ------------- ýo3ýQ''ýsý 
crx pan 10a , 
%j phg aus 
I'll Ulm 24 
ý1 "phg sed ° "sng9ed 
0 4gap sed 
frx can ýc eur 1220121 
opn grn nb spn 
cxp sed 
crx app cxd sed 
rbf sed 
M. P. 
ca sed 
74bet bu bet can 
ros und 
cal sep eup car 
erbet ron 
020IC1 140101 
`tu °°' t rub fru 
betbsc mol cae crt und 
B<ý 
1.0 +1 .0 
2 82 
Figure 4.74a Wet Woodland correspondence analysis of non-seed data 
0 
+ 
0 
O11O; J C11 
ind wod 
01 04 03 fil rot 
O" 
01 06 03 -a rh x "s6` 
if 
01 05.02 d, ¢! 01 00 01 and tot d, c Lfý Pý, tm tnd vrrt " 
4. If 
-1ý"ý' 
"" wd mos 
----------------------------- --- 
0 *., d --------0------------- 
120 . tea 11 01 01 
tyl rot 
121 103 
126 122 O "b. t ý"r 
104 0101 102 
124 "ýýPd "6"t bsc 
01 09 
<w Mf 
. dbrk 
01.05 06 cyp rot 
cy h. 14 
0201() 
-1.0 +1.0 
Figure 4.74b Wet Woodland canonical correspondence analysis of non-seed data 
0 
+ 
14.0391 
0 
phi aru 
six can Zfrn can 
0l 0403 
crx rem 
thy pal 
ý, dwn rib nia ý°t 1 
------------------- --- 
ain ca 
frx can 
n 
Mý 
crx pan opn grn 
O 
'-i 
eu can 
ros uni 
P 
, y, ý phg aus cal Sep 
t II 1401 of 
io\ 1 
\t If 0102 
128120 
" `" -, "''" .' gal pal mos 
ind 
' 
104103 
irs psu ac an d', urt dio 
crx 
\n 
so' du 
/ 
l 
" w1 Drk; \" 
of 04 as rl Ulm 
lyc eur yy Li , -a -d. pd 
124 frx I. f 
01.0500 crx app cyp , o, 
Grp : hz 
can 
rub fru 
'- crt und 
mol cae 
14 02 01 
-1.0 +1.0 
281 
Figure 4.75a Wet Woodland correspondence analysis of seed and non-seed data 
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4.9.8 Differences in depositional environment 
There were only minor differences between the sample points with all being floodplain 
peatland environments. The main difference was between the drier environments at 
Wicken and the wetter environments at Bure Marshes, the latter having higher organic 
content and the former increased seed concentrations, higher rootlet levels and generally 
worse level of preservation. Macrofossil variation was limited, with the main variation 
being in sediment composition. 
4.9.9 Vegetation representation 
The main arboreal dominant taxa, Alnus, Salix and Betula, dominated the seed 
assemblages and were represented by many bracts, cones and bud-scales. They 
dominated the vegetation at both sites, although the correlation between the seed 
abundance and standing vegetation cover abundance was not direct. Figure 4.76a shows 
a comparison of the seed data converted to a DOMIN scale and standing vegetation 
cover abundance for the main three tree species. In most cases the seed DOMIN values 
were close to those for the standing vegetation. In most cases the rank order of the taxa 
in the seed assemblages corresponded to that of the species in vegetation. In every case, 
with the exception of sample 14\03\01, the most dominant species in the seed 
assemblage was the vegetation dominant. Salix and Betula were often slightly over- 
represented in the seed assemblages, especially in sample 14\03\01, where Betula was 
absent from the vegetation but dominated the seed assemblage. These taxa were the 
most well dispersed in the wet woodlands, with both appearing in samples when absent 
in the standing vegetation. The seed data from mixed stands of vegetation usually 
maintained the rank order of the tree species in the vegetation. Seed DOMIN values 
from area 08 were strikingly similar to the standing vegetation values, although Alnus 
was under-represented. 
Betula has seeds that are well dispersed by wind and it was the most over- 
represented seed on the sites. Its presence at or very near to the sample site was, 
however, shown more accurately by the presence of bracts and bud-scales. Salix was 
also represented, although in smaller quantities, by bud-scales, its capsules being only 
occasionally represented. Figure 4.76b shows the comparative DOM1N scores for the 
bud-scale assemblages. These showed that the dominant taxa tended to be well 
represented in the bud-scale assemblages with minor taxa being sporadically 
represented. Alnus was usually well represented, although it was under-represented in 
285 
14\02\01, with Betula over-represented and Salix being under-represented in vegetation 
where they were dominant or co-dominant elements. Comparative DOMIN scores for 
Betulaceae bract/cone abundance and standing vegetation have been presented in Figure 
4.76c. The bracts and catkin scales were usually found only near trees of the species, 
with the exception of Betula catkin scales in O1\05\02 and 01\05\06. Betula was 
commonly over-represented in mixed vegetation, although there was a surprising 
similarity between the cover abundance and seed DOMIN data. These data suggest that 
the seed, bract and bud-scale data are important for determining the composition of 
woodland cover and each has different spatial fidelity and representative value. 
Tree-leaves were the most commonly preserved of the non-Monocotyledon taxa. 
The local arboreal dominants were the greatest contributors to the leaf assemblages and 
they usually accurately reflected the dominance of taxa in the vegetation, although some 
of the Block samples contained more Salix than AInns leaves. Salix leaves were well 
preserved in sample 14\03\01 and were generally tougher than the other arboreal 
wetland dominants. Betula leaves were present only in samples from areas where the 
plant was dominant. As with the seeds and fruits, preservation of the dominant species 
is more likely than the preservation of minor canopy components, although some major 
canopy elements may be totally missed (for example Salix in site 08). As with the seeds 
and fruits, local concentrations of leaf mats, seen during the fieldwork, may distort the 
picture of the flora obtainable from analysis of leaf remains. The only identified twigs 
of Salix in sample 03 accurately reflect the dominance of this taxon in the canopy (the 
twigs were identified on the basis of bud morphology). 
Minor arboreal components in the canopy and understorey, including Crataegus, 
Acer pseudoplatanus, Fraxinus excelsior and Frangula abius were poorly represented 
in the seed assemblages. Though the latter was almost a co-dominant in site 14\03, it 
was represented by only a single seed and was absent from the leaf assemblages. These 
taxa often appeared only as isolated shrubs, being absent from the seed assemblages as a 
result of the supression of fruiting by shade (Crataegus, Fraxinus, Sambucus (Grime et 
at 1988)), immaturity, or because they produce seeds that fail to contribute to persistent 
seedbanks (e. g. Acer pseudoplatanus (Grime et at 1988)). Sparsely recorded shrubby 
and climbing woody plants, Rosa sp. and Rubus fruticosus, were also under-represented, 
only the latter contributing to the seed assemblages although not in sediments near 
stands of the species. These seeds and those of Sambucus probably entered the 
sediments via bird droppings. 
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Only the most abundant groundstorey taxa were well represented in the 
macrofossil assemblages. In the case of Bure Marsh, the groundstorey component was 
dominated by seeds of the Carices. Seed types corresponding to the four Carer species 
were identified in the samples, although those of C. dianrdra and C. pendula were only 
sporadically preserved. Seeds of C. remota and C. paniculata were the most common 
seeds in samples from site 04. This reflected a dominance of these taxa in the 
vegetation, although C. paniculata was under-represented even though it dominated the 
vegetation. Cyperaceae leaf, stem and root remains were also the most abundant non- 
seed material of the groundstorey taxa. A large fragment of Iris pseudacorus rhizome 
was also identified in sample 01\04\09, reflecting a local concentration of this species. 
At Wicken Fen, only the groundstorey flora at 14\02 was accurately represented. Of the 
groundstorey taxa, only the aerial parts of Poaceae were represented in the two samples 
where taxa of this family were present. In 03 the stems were over-represented. In 01 the 
abundance of Poaceae stem and rhizome remains accurately reflected the dominance of 
Poaceae taxa in the vegetation. 
Filicophyta at the sites were represented by sporangia, pinnules fragments and 
rootlets. They were common in the vegetation and were largely under-represented in the 
macrofossil assemblages. Some of the Block samples from Bure contained large 
sporangia assemblages that over-represented the Filicophyta in the assemblage. In area 
08 where Thelypteris was an important groundstorey plant, it was only represented by a 
few sporangia. In area 04 ferns mainly grew on tree-bases and were sparse; however, 
the sproangia dominated the assemblages. At Wicken Fen Thelypteris was a dominant 
in the groundstorey and no sporangia were found. It was represented by pinnule 
fragments. The preservation of ferns was sporadic and uncertain. The presence of its 
remains are a good indicator of local presence; however, it is as likely to be absent as 
represented in macrofossil assemblages and preservation is dependant heavily on local 
conditions. 
Apart from the fern sporangia and fruits of Carex and Molinia, most other taxa 
from the groundstorey were sporadically represented in the sample set in relatively low 
numbers. Most of these taxa were represented as seeds, with only Poaceae being 
represented in the non-seed macrofossils. Taxa such as Solarrum and Filipendula were 
not accurately represented in the seed assemblages. Some non-local taxa such as Juncos, 
Eupatorium (allochthonous at Bure) and Epilobium were as well represented, if not 
more so, than the local taxa. The latter are aerially dispersed and, therefore, are more 
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likely to be incorporated in non-local sediments. Eupatorium was present at Wicken Fen 
and over-represented. Shading may again be important for suppressing the flowering of 
some local taxa, such as Filipendula, that may rely more on vegetative reproduction for 
perennation in wet woodland than sexual reproduction (Grime et al. 1988). 
Overall, the macrofossil assemblages in the wet-woodland sites were dominated 
by the remains of the arboreal dominants, with moderately accurate representation of 
the woodland canopy in the seed, bract, bud-scale and leaf assemblages. Minor canopy 
elements were occasionally represented but where present, were spatially accurate and 
no allochthonous arboreal elements reached the sites. Groundstorey macrofossils were 
again dominated by the bulky local dominants, especially the bulky Monocotyledons. 
The diversity of the groundstorey flora was best described by the seed assemblages, 
although the non-seed macrofossils were useful for determining major, local, ground- 
flora elements. The ferns and Dicotyledons were, as at several other sites, under- 
represented or poorly represented when dominants or minor elements. Using the 
macrofossil data the reconstruction offered for the Bure Marsh sites would be of closed- 
canopy wet woodland (denoted by arboreal taxa and lack of light-demanding species) 
with a ground flora of tussocky sedges and occasional ferns and mosses. This would be 
correct for sites 04 and 05 but would miss the important ground-layer of ferns in site 08. 
The reconstruction at Wicken Fen would be of wet-woodlands, with site 02 having 
dense Poaceae growth. Overall the reconstructions would be accurate, although the 
minutae of the vegetation would be missing. It is also probable that the seeds of Salix 
would be missing if the assemblages were preserved for any length of time. Therefore, 
the presence of this taxon would be represented mainly by capsules, leaves and bud- 
scales. This would mean that Salix would be less visible and interpretation of itsgs 
presence would require the identification of non-seed components. 
4.9.10 Sub-surface samples from sediment blocks 
Organic content decreased and the water content increased slightly with increasing 
depth in Block 1 (Table 4.33). In each case the difference between the depth samples 
and surface samples was between 1% and 5%, increasing with depth. The differences in 
water with depth are as expected, as in the absence of flooding at the peat surface 
increased evaporation would reduce water levels. The decreasing organic content may 
reflect continued decay of the organic matter in the peat after deposition. 
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Table 4.33 Bure Marsh: sedimentological data from depth samples from Block 1 
Bloc k1 
% Organic % Water 
0-2cm c. 90% c. 85% 
2-cm 88.36% 85.05% 
4-6cm 85.53% 85.21% 
6-8cm 85.19% 85.13% 
8-10cm 86.10% 86.50% 
10-12cm 85.79% 86.08% 
4.10 Synthesis 
Analysis of the macrofossils collected from the eight sites showed that there were broad 
coherent patterns of macrofossil incorporation in the various sampled depositional 
environments. Broad generalisations about the spatial and temporal fidelity of those 
assemblages could also be made. The data provided important information about the 
usefulness of different classes of macrofossils, the visibility of different species in 
macrofossil assemblages and the fidelity of macrofossils of those species. The broad 
patterns of macrofossil preservation and fidelity will now be discussed. Although every 
effort was made to gain access to the broadest range of depositional environments and 
sediments, comprehensive cover was impossible and the deficiencies of the data set are 
recognised. To supplement the insights produced by data analysis, this section also 
includes a series of models of macrofossil incorporation and fidelity for some 
environments that were poorly sampled or are absent from the sample set. It also 
includes some predictive theoretical discussion of macrofossil changes over time, made 
primarily on the basis of the Block sample observations. 
4.10.1 Macrofossil characterisation of different depositional environments 
4.10.1.1 Saltmarsh environments 
Mudflat sub-environments were sampled in both upper and lower saltmarsh sites at 
several locations along rivers and marshes. Mudflat sediments were typically soft, fine- 
grained sediments with some visible structure, often laminations. They had a low 
overall organic content and, therefore, a low plant macrofossil content. Macrofossil 
assemblages at all of the sites were composed of poorly preserved fragments of non- 
seed material and low concentrations of seeds. The macrofossil properties are the result 
of constant sediment re-working by tides, the openness of the sediments to tidal and 
aerial inputs and the high level of biological activity on the mudflats causing physical, 
chemical and biological breakdown of plant matter introduced from a wide area and 
number of habitats. 
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Organic content was typically between 11% and 15% by mass, with the figures 
being significantly below the values for adjacent vegetated marsh sub-environments. 
Greater organic values were also usually recorded at positions more isolated from tidal 
flow and closer to land. This was seen at Angel Marsh (compare values for mudflat 
samples in Transects 1 and 2) and also when comparing mudflat samples from Borstal 
Marsh and Burham Marshes, although the differences in values there were slight. The 
composition of macrofossil assemblages was typically diverse in the mudflat samples, 
with many classes of macrofossil represented. Unidentifiable plant matter typically 
dominated the assemblages and was often a major influence in the correspondence 
analyses. Fragment size was often small, although the constant tidal action introduced a 
number of large plant fragments in several samples. It seems probable that extensive beds 
of such macrofossils may be potentially incorporated in mudflat sediments should storms 
or changing depositional conditions deposit large packets of sediments. Seed 
assemblages were usually taxonomically diverse, deriving from many sources, and were 
present in low numbers. Unlike many other seed assemblages dominated by a single or 
small number of taxa, those from the mudflats contained relatively small numbers of 
seeds from a wide range of taxa. 
Vegetated saltmarsh sub-environments were the most thoroughly sampled. In 
general the marsh sediments were much firmer, compacted and had a higher organic 
content than other saltmarsh sub-environments. This was seen in the differences in LOI 
figures, water content figures and physical sediment properties. Vegetated saltmarsh sub- 
environments sampled during the project covered a wide range of locations and habitats 
from low-saltmarsh at the edge of mudflats to upper saltmarsh grading into terrestrial 
habitats. 
Non-seed material was typically dominated by non-woody components, even 
when the chaemophyte Atriplex portulacoides was present. Rootlets and other 
subterranean structures usually dominated macrofossil assemblages in saltmarsh sub- 
environments, reflecting the dense vegetation that typically covered the marsh surface. 
There was some evidence, especially over transitions at Borstal Marsh and Stonemarsh, 
that rootlet content and organic content increased with surface vegetation cover. 
Aerial components were preserved in variable quantities, with the stems of grass 
taxa, especially Phragmites, being well represented. Preservation of these taxa can be 
attributed to the form of the plants. In many taxa stems that display aerial stem 
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morphology originate from buried rhizomes and may be classified as aerial, although are 
in fact beneath the sediment surface. Leaves were usually not preserved in any quantity, 
although those of Atriplex portulacoides were preserved at several sample points, as 
were those of Glaux maritima, Atriplex prostrata and some of the Monocotyledon 
dominants. Only in the case of one marsh sample from Angel Marsh did leaves form a 
dominant element, in that case beneath a stand of Atriplex portulacoides. Although 
sediments remained moist for much of the year and so were in theory able to preserve 
macrofossils, the active detritovore communities and other agents of biological decay 
clearly removed much of the aerial plant matter before its incorporation into the 
sediments. This effect was evidently suppressed in some of the more terrestrial reedbeds 
at the tidally isolated ends of marsh transects at Burham and Angel Marshes, where the 
massive autumnal deposition of leaf litter by Phragmites caused at least some leaf 
incorporation of that plant. 
Upper saltmarsh sediments contained increasing quantities of organic matter if 
soil moisture levels were maintained towards dry land. This was the extreme end of a 
trend seen across saltmarshes, where organic content increased with decreasing tidal 
influence and higher elevation. This was evident at all of the sites, although Snape 
Saltings showed the most extreme patterning. In some areas of the site with high 
groundwater levels caused by terrestrial water inputs in a water-retaining matrix, a 
saltmarsh peat developed. In other areas of the site, where the sediments were isolated 
from water, no macrofossils were preserved at all and an oxygen-rich clay-loam soil 
developed. 
Vegetated saltmarshes contained a much higher seed abundance than mudflat 
samples and again, there was a general trend of increasing seed abundance with elevation 
and isolation from tidal influence. This was especially noticeable at Snape Saltings, 
although it was complicated by local production and concentration effects. Local 
concentration effects can be seen at Burham Marsh, where some of the assemblages 
contained a high abundance of allochthonous aerially distributed seeds, concentrated 
perhaps because of the combination of wind direction and vegetation structure. Species 
diversity was also often high, especially at the marsh margins where allochthonous taxa 
from tidal and terrestrial sources could easily enter the marsh. Although diversity was 
often high, a single taxon or very few taxa commonly dominated the assemblages and 
most of the taxa were often represented by very few seeds. 
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Creek sediments were sampled at several sites, mainly in lower saltmarsh settings. 
Sediments contained the usual mixture of fine-grained particles and had a high water 
content. Organic percentage figures were usually lower than samples from adjacent 
vegetated saltmarsh, although figures were higher than those from mudflats. This trend is 
illustrated well by comparisons between the samples from saltmarsh and creek in 
Transect 1 at Angel Marsh. The pattern was more complex at Snape Saltings, where 
sediments were found to contain packets of macrofossil material from overhanging 
vegetation, inflating the organic values of some samples. 
Macrofossil assemblages in creek sediments were usually sparse and consisted of 
a mixture of macrofossil components. Preservation was better than in mudflats, although 
in most cases large quantities of indeterminate matter were preserved, usually greater 
than that in saltmarsh sediments. Aerial components were preserved in larger quantities 
in creeks than saltmarsh sediments, with stem and leaf remains common and epidermis 
fragments also preserved in some quantity. The enhanced preservation of epidermis and 
aerial components is due to the high permanent water content of the sediments, and tidal 
flow may be the cause of the high indeterminate matter content. 
There was a noticeable difference between the preservation at Angel Marsh and 
Snape. At Snape, the non-seed assemblages were highly variable and often varied little 
from the surrounding marshes. At Angel Marsh, unidentified matter, epidermis and leaf 
fragments, as well as large quantities of stem, dominated the assemblages. Sample 8, 
collected from the creek-end within the colonisation zone of the Phragmites reedbed, 
contained mainly leaves whereas stem remains dominated the samples from the 
saltmarsh. The differences in assemblage composition can be explained by the nature of 
the creeks. Those at Snape were narrow, enclosed and had dense overhanging vegetation 
contributing to the sediments. At Angel Marsh, the samples were taken from a wide and 
deep creek that had no overhanging vegetation. Situation and character of the local 
vegetation clearly played a role in determining the macrofossil characteristics of creek 
sediments and some, especially in upper saltmarshes, may be indistinguishable from the 
vegetated saltmarsh sediments. 
Seed assemblages were usually composed primarily of seeds from vegetation 
growing near to the sample point. They were similar to the assemblages from saltmarsh 
sediments, usually being dominated by a single taxon and having similar abundance and 
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diversity. In some of the Snape samples the overall seed diversity was higher. However, 
this trend is uncertain. 
Creeks are the main sites of water movement into vegetated saltmarshes and as 
such are exposed to powerful erosive forces, though high sediment water levels enhance 
the potential for preservation of soft tissues and aerial components. It is uncertain 
whether any of the described material in the samples would be preserved under stable 
conditions as the sediments and the macrofossils they contain are continuously re- 
worked. Only when active sedimentation occurs, because of increasing tidal heights or 
isolation of the creek from tidal influence, would the material be likely to be preserved. 
Creek point-bar sediments were sampled at Stonemarsh in Block 3. The bar was 
covered with sparse Salicornia vegetation. It consisted of similar sediments to those of 
the surrounding mudflats, but had a higher organic content, presumably directly 
reflecting the quantity of surface vegetation at the site. The macrofossil assemblages 
contained relatively high seed concentrations, many roots and a diverse array of other 
classes of macrofossils. Stems of Salicornia were well represented, as in other pioneer 
vegetation areas, and wood fragments were well represented. The overall macrofossil 
profile was between that of the mudflats and the lower saltmarsh, with enhanced 
preservation of stems and some soft tissues. 
Sample 09/01/06 from the creek edge at Stonemarsh contained a little organic 
matter, probably as a result of the raised position of the sediments and the oxygen-rich 
atmosphere. The macrofossil assemblages contained high levels of unidentifiable matter, 
as with the surrounding mudflats, but a very diverse seed assemblage. This latter 
characteristic may be a result of seeds settling out of suspension as the tidal waters rise 
above the creek edge and lose energy (see Field 1992). Evidence from Snape and 
Burham suggests that seed assemblages from the saltmarsh edge may also be affected in 
this way. The non-seed macrofossil assemblages were similar to the adjacent 
environments, whether pioneer marshes, mudflats or saltmarsh. The long-term survival of 
any macrofossils in these sub-environments is doubtful. The aerobic environment 
suggests that even though the surface sediments contain seeds and macrofossils it is 
probable that in the longer term decay would drastically affect the assemblages. 
A single sample at Snape was collected from a saltpan (sample 34) that carried no 
standing vegetation and which was strewn with numerous stems and litter. The recorded 
sediment characteristics and seed assemblage were similar to those from surrounding 
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vegetated areas. The non-seed macrofossil assemblage was similar to others on the 
marsh, although it included large quantities of decayed stem and epidermis fragments. 
Enhanced preservation of these macrofossils is presumably encouraged by the hyper- 
saline conditions, which may depress biological decay processes. It seems unlikely that 
this specific environment would be distinguishable on the basis of macrofossil 
composition. 
Snape was also the location of a single sample from an abandoned channel sub- 
environment (sample 2), a channel permanently filled with water. The channel was filled 
with finely laminated, fine-grained sediments. The main difference between the 
macrofossil assemblage from sample 2 and the surrounding marshes was the presence of 
a large quantity of Cyperaceae epidermis in the sediment laminations. The quantity of 
epidermis far exceeded the values seen in any other sample when raw and when 
converted to CO2 values. The seed assemblage was also very diverse with seed 
abundance well spread throughout the different taxa. 
4.10.1.2 Freshwater environments 
A limited number of freshwater sub-environments was sampled, namely wet-woodland 
floor, wet-woodland tree-base and herb-fen environments. All are variants of floodplain 
vegetation and there were no opportunities to collect channel, bank and backswamp 
sediments from intact environments. The main variability was in the dryness and nature 
of vegetation cover at the sites. All of the sediments were peaty, having a high organic 
content and low allochthonous plant and inorganic sediment input. As discussed in the 
introductory section to this chapter, the best way of viewing the data presented here is to 
see the freshwater wetland fragments as representative of isolated floodplain mires with a 
permanently high water-table. 
The wet-woodland floor was sampled at Bure and Wicken Fen at four different 
sites. All of the samples contained large quantities of woody components including wood 
fragments, twigs and bark. Seeds and bud-scales were common, as were the bracts and 
capsules of the different wet-woodland species. Dicotyledon leaves were preserved in 
variable quantities, depending on the wetness of the sediments. The best leaf assemblages 
were recovered from the wet woodland floor at Bure, especially in the very wet 
conditions of sample 01/04/09, and the wet Salix swamp at Wicken Fen (site 03). At the 
latter, leaf preservation was enhanced by the toughness of the Salix leaves. Drier 
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conditions at Wicken Fen site 01 did not allow large-scale leaf preservation. 
Monocotyledon leaves, rhizomes, stems and roots were preserved throughout. 
The open clearing at Wicken Fen site 02 was clearly distinguished by the quantity 
of Monocotyledon components and reduced quantities of woody matter. The surface mat 
of vegetation at the site effectively prevented overhanging woody vegetation from 
contributing wood to the sediments. The tree-stump sample (01/04/03) was distinguished 
by the presence of large quantities of Filicales components, a plant that grew at the site in 
some density, and the presence of many woody roots. This suggests that increased values 
of woody rootlets may indicate closer proximity to growing trees. 
Rootlets, stem, leaf and other vegetative components dominated the herb fen 
sediments from Hickling Broad. Seed abundance and diversity, as at Bure and Wicken, 
were high in all of the samples. The contribution that different herbaceous components 
made to the samples was dependent on the physical characteristics of the species in the 
local vegetation. The samples were, however, very distinctive from the wet-woodland 
samples, even when the components of some arboreal species were present. 
4.10.1.3 Transitions 
Transitions between depositional environments were not easy to sample. This was due in 
part to the truncation of many environments by human disturbance and the fact that 
many environments have no smooth transitions between them, as for instance the 
division between mudflat and saltmarsh at Snape. The division between saltmarsh and 
mudflat was often defined by a low mud-cliff, an erosive feature. At Borstal Marsh and 
Stonemarsh, smooth transitions between mudflats and saltmarshes were sampled. In both 
sites the mudflats contained organic-poor sediments with badly preserved and 
heterogeneous macrofossil assemblages in which much of the preserved material was 
unidentifiable. Increasing vegetation cover marked the transition to saltmarsh. Increasing 
organic content and a marked change in macrofossil content accompanied this change. 
Larger, better-preserved macrofossil fragments were recovered and both root and seed 
abundance increased. The change in content was abrupt and spatially precise and the 
subsequent changes in vegetation density were marked by a gradual increase in organic 
content, sediment compaction and rootlet density towards dry land. 
The transition from saltmarsh to freshwater environment or terrestrial habitat was 
not well observed in the project, mainly because of habitat destruction and truncation. 
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Upper saltmarsh habitats at Burharn and Angel Marsh (Transect 2) saw the invasion of 
dense Phragmites beds in each case truncated by flood defences. The soils at both sites 
became progressively more organic rich and peaty. At Snape, a peat was developed at 
the northern end of the site, where tidal incursion was limited and groundwater was 
permanently high, possibly because of the presence of a spring-line at the junction 
between the sandy hills to the north and the clay of the saltmarsh. The peat began 
abruptly and graded into a loamy soil with no observable macrofossils to the north and 
east. There seemed to be a definite barrier between the preservation of macrofossils and 
their destruction by soil formation processes and oxidation. 
The Snape evidence shows the importance of topography, geology and hydrology 
in determining the potential for macrofossil preservation. The saltmarsh samples showed 
limited macrofossil variability, with the exception of those caused by local vegetation 
differences, and sedimentation over the whole surface probably reacts rapidly to 
changing tidal regimes and sedimentation because of the lack of relief. At the northern 
end of the site this response was affected by local hydrology that has a sedimentary, 
biological and plant macrofossil response. 
4.10.1.4 Interpreting facies changes in time and space 
Plant macrofossil assemblages from both saltmarsh and freshwater sedimentary 
depositional environments had characteristic profiles. The range of depositional 
environments available for sampling was determined by the limited distribution and 
survival of in tact suitable environments. The range of sampled environments is partial, 
with freshwater riverine and floodplain depositional environments being badly 
represented. Saltmarsh environments, especially from vegetated saltmarsh sub- 
environments, were well covered. Though the sample set is partial, the information 
gained provides a basis for determining the usefulness of complete macrofossil profiles 
and individual macrofossil properties for interpreting sedimentary facies changes in terms 
of past depositional environments. 
Macrofossil assemblages showed strong tendencies in the various depositional 
sub-environments, suggesting that past depositional environments may be reconstructed 
in some detail from ancient macrofossil assemblages. Mudflat and vegetated saltmarsh 
environments produced markedly different assemblages that were distinctive even over 
gradual transitions between the two. Macrofossil characteristics, in this case the overall 
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preservation of macrofossil classes, are therefore useful as a means of differentiating 
between some major depositional environments. Macrofossil characteristics from 
abandoned channel and creek environments were distinct from the others, although 
without detailed description of the sediment characters could be confused with each 
other. Salt pan, creek and marsh edges are largely indistinguishable from the surrounding 
environments, with seed characteristics being especially important for determining 
differences. It is possible that unsampled vegetation associations could produce similar 
seed concentrations and diversity characteristics. The sampled freshwater environments 
were also distinct. 
Spatial variability within depositional environments was reflected to some extent 
in vegetated saltmarshes and fen woodlands. Only in the case of saltmarshes were whole 
transitions sampled. They displayed a gradual change in sediment and macrofossil 
properties. Local vegetation and environmental characteristics, however, also affected 
this pattern. Saltmarshes are broadly zoned, but also have a mosaic character with 
extreme changes in environmental gradients being reflected in the vegetation and 
macrofossil assemblages. Broad `upper', `lower' and `transitional' macrofossil 
assemblage types are distinguishable. However, their usefulness in interpreting broader 
patterns of environmental change is dependent on the topography of the basin. Each 
basin also had a characteristic range of organic contents, reflecting the incorporation 
potential of organic matter within the specific set of biological and sedimentary 
conditions, especially sedimentation rate. This has important implications for the 
interpretation of macrofossil records, especially when modified by organic content (i. e. 
CO2 values). Similar environments may, in different catchments or at different times, give 
different absolute values, while maintaining similar relative macrofossil values. 
Observations from the sampled sites showed the saltmarsh, and to a lesser extent 
freshwater wetland surface, to be a complex entity with many sedimentary responses to 
the various environmental stimuli affecting each section of the marsh. Topography was in 
general of limited relief, though differences in height between vegetated marsh and 
mudflat could be large. The variability in height and deposition is one of the main 
problems in correlating cores and sections from different sections of alluvial sediment 
stacks. 
While spatial patterns were, to some extent, reflected in the macrofossil 
assemblages, it would be too simplistic to assume that these modern surface patterns 
300 
could be transposed directly to the fossil record. Disturbance of strata by subsequent 
events and biological activity may have a pronounced effect on the macrofossil 
assemblages in a sediment body. Destruction of the macrofossil load would occur with 
the lowering of the water table and operation of soil formation processes in an 
oxygenated environment. 
Growth of some kinds of vegetation may also disturb and alter the macrofossil 
content of sediment at a location, the effect, to some extent, being dependent on the 
speed of sedimentation. Disturbance would be minimal when mudflats replaced vegetated 
marshes, although this circumstance would also provide the opportunity for erosion of 
the marsh surface and physical destruction of the sediments. Replacement of mudflats by 
saltmarsh would cause disturbance of the mudflat sediments by saltmarsh plant roots, but 
the effect would be minimised by high sedimentation rates. The block samples from 
Angel Marsh and Snape showed some changes in macrofossil assemblages that were 
consistent with expected seral changes in upper marshes. Changes in vegetation 
structure, consistent with changes in sediment-water state, are, therefore, reflected in 
macrofossil assemblages. The transition from saltmarsh to freshwater mires has the 
potential for major disturbance to the macrofossil record, especially if arboreal taxa are 
established. The establishment of rhizomatous Monocotyledons would introduce plant 
matter of a later date deep into earlier sediments meaning that the use of rhizome remains 
as a basis for palaeoenvironmental information has to be evaluated carefully. Periods of 
brief saltmarsh occurrence, or periods with low sedimentation rates, could be obliterated 
by later growth of dense vegetation. Only the traces of saltmarsh taxa in the macrofossil 
assemblages would provide a route for the identification of such an episode. 
Freshwater floodplain transitions from open herb-fen to wet woodland would 
involve the establishment of trees with the rapid generation of leaf and wood litter. The 
penetration of branches and twigs from the arboreal canopy and, presumably, fallen 
trunks, would have the potential to alter the macrofossil traces of herb-fens. As many of 
the herb-fen taxa are present in wet woodlands, the definition of herb-fen environments 
may be reliant on the presence of large quantities of the seeds of light-intolerant taxa. 
Trees may also sink into peat and underlying strata. The growth of herb-fens and 
swamps over former wet-woodlands, perhaps killed by rising water-levels, may also 
merge into the wet-woodland peat. Wood would still be present in the herb-fen peat in 
patches from tree-stumps and branches on the sediment surface, although the seeds and 
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bracts of arboreal taxa would be missing. Rapid change from wet-woodland to herb-fen 
and/or saltmarsh may provide a sedimentary record of highly fragmented sediments that 
would merge together when superficially observed, and require detailed analysis to 
distinguish them. This argument suggests that there are good reasons for the domination 
of the lowland Holocene alluvial sedimentary record by relatively few facies types and 
macrofossil assemblages. It also suggests that the less detailed macrofossil descriptions 
of alluvial facies using such systems as the Troels-Smith classification are simply 
inadequate in disentangling the complex merging of macrofossil assemblages that 
characterises alluvial environments over time 
There were considerable differences in water content and compaction of the 
sediments at the various sample points. Those at Bure Marsh were extremely soft. 
Drying and consolidation would have reduced the sediment volume considerably. A 
similar effect would have been seen in mudflat, abandoned channel and creek sediments. 
The differential compaction rates add another problem to the correlation of sediments 
from different environments in alluvial habitats. They also pose some troubling questions 
about reconstructing wet-woodlands, especially using apparently contemporaneous tree- 
stumps and macrofossil flora in the surrounding peat. Correlation clearly cannot be taken 
for granted on the basis of height, and independent methods may be required to assure 
the correct association of tree-stumps and other macrofossils. 
4.10.2 Vegetation reconstruction 
4.10.2.1 Spatial fidelity of macrofossil assemblages 
Macrofossil assemblages in most of the sampled environments were dominated by seed 
and non-seed macrofossils from nearby vegetation and showed considerable spatial 
fidelity. Seeds were by far the most mobile macrofossils; however, in all but the most 
mobile environments, seed assemblages were dominated by taxa present within 50m, if 
not 2m, of the sample point. 
Seeds in the sampled wet woodland and herb-fen sites were unsurprisingly, given 
the closed hydrology, mainly from local sources, although occasional unrecorded taxa 
were noted (e. g. Angelica at Bure Marsh site 04 and Hydrocotyle at Hickling site 02). 
The unrecorded taxa were usually taxa with seeds adapted to aerial dispersal, water 
dispersal or were from small plants that may have been missed in the vegetation survey. 
The main intrusive seeds in the herb fen sites were from Betula and Salix, both adapted 
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to aerial dispersal and produced in large quantities by mature trees. A11111s seeds were 
also well dispersed and found at points distant from standing trees. However, they were 
not found in such high abundance and as regularly as allochthonous elements as Betula. 
As with the sampled freshwater environments, seed assemblages in the saltmarsh 
environments contained some allochthonous taxa, but were dominated by seeds of local 
plants growing within 0.5m to 50m of the sample point. The local component easily 
swamped the non-local, although some saltmarsh plants such as Aster tripolium, Atriplex 
prostrata and Puccinellia produced seeds that were well dispersed and would not be 
easily distinguished from the seeds of local species. Seeds of non-marsh plants were 
usually easily identified by their environmental tolerances and included species adapted to 
aerial or water dispersal such as Sonchus palustris, Lycopus europaeus and Alturs 
glutinosa. Samples from the marsh edge of Burham Marsh contained the greatest 
concentration of allochthonous macrofossils, especially of seeds adapted to aerial and 
water dispersal, including Epilobium hirsutum and Oenanthe aquatilis. The depauperate 
seed assemblages in the mudflat and transitional samples from Borstal Marsh also 
contained mainly allochthonous species, although seed numbers were small and the 
assemblages may be unrepresentative of the sampled sediments. Other mudflat sediments 
contained seeds mainly drawn from local saltmarsh vegetation. This is shown at Snape 
where the mudflat samples contained the seeds of taxa growing at the adjacent cliff edge. 
Non-seed macrofossils were almost uniformly autochthonous. Exceptions 
occurred in the mudflat samples at Borstal and other sites, although much of the 
macrofossil debris in mudflats came from the nearby marsh itself. At Snape a fragment of 
Betula leaf from the open vegetation of the saltpan (sample 34) was the only identifiable 
allochthonous non-seed macrofossil. In the herb fens and wet woodlands, all of the non- 
seed macrofossils were locally derived, including aerial components such as leaves. 
Leaves were identified in the wet woodland samples from trees as much as 50m distant 
and it is clear that some movement of leaves does occur even in these closed 
environments 
Subterranean structures, such as roots and rhizomes, have the greatest spatial 
fidelity as they anchor the plant to the sediment and, unlike aerial structures are rarely 
moved during life or after shedding. The exception is in mudflats and other re-deposited 
sediments lacking vegetation growth, as roots and rhizomes in these sediments will have 
derived from eroded sediments elsewhere. The spatial fidelity of these structures is so 
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extreme that in fen vegetation containing many species (e. g. at Hickling Broad) the root 
and rhizome content varied widely even in a restricted area (e. g. Block 1). The samples 
of these structures are likely to reflect only ultra-local conditions (i. e. actually at the 
point of sampling). Relevance for the wider vegetation depends on the structure of the 
vegetation involved and may be limited if the vegetation is heterogenous and more useful 
if the vegetation consists of homogenous stands. 
Although influenced by tidal processes, it appears that many saltmarsh 
environments are largely closed to allochthonous macrofossil inputs. The most 
satisfactory explanation is that the dense vegetation effectively prevents allochthonous 
debris from entering on the tides. Vegetation may slow down tidal velocity below 
macrofossil settling velocity and physically prevent larger macrofossils from penetrating 
far into the marsh. This combined effect would cause allochthonous macrofossils to 
accumulate at the marsh edge, as seen at Burham. It also would leave much of the 
allochthonous matter within tidal influence and so leave it exposed to re-working and 
erosion. The vegetation would also effectively prevent the entrainment of marsh detritus 
into the tide, or, if entrained, the detritus from being carried from the marsh. In marshes 
with extensive creek systems, tidal waters may lose so much velocity by the time they 
reach the upper marsh that macrofossils are deposited in the creek or at the creek edges. 
4.10.2.2 Temporal fidelity of macrofossil assemblages 
The temporal fidelity of macrofossils is, perhaps, more variable than the spatial fidelity 
and varies with the environmental conditions. Temporal fidelity is partially dependent on 
sediment accumulation rates. Low sediment accumulation rates would increase temporal 
averaging of assemblages and reduce the temporal fidelity. Rapid sediment accumulation 
rates would increase the temporal fidelity. As a general rule, deposition in mudflats, 
abandoned channels and lower saltmarshes would produce macrofossil assemblages of 
higher temporal fidelity than upper saltmarshes and peat-forming environments. 
Seeds and other aerial components are incorporated into the sediment surface at 
the time of growth. Penetration of the sediment is minimal, suggesting that the temporal 
fidelity of these remains is high. However, the quantity of remains incorporated is of 
course changed by the period of time macrofossils are moving in the sub-aerial 
environment. Seeds are toughened and will survive sub-aerial decay processes for a 
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longer period than leaves and exposed herbaceous stems, which require rapid 
incorporation into sediment if they are to persist in the fossil record. 
Subterranean structures, including roots and rhizomes, have good spatial fidelity. 
Temporal fidelity is, however, less assured as roots and rhizomes fulfil the support 
function by ramifying through sediment into deposits accumulated before the period in 
which the plant lived. The depth to which plant roots penetrate depends on the species of 
plant concerned. For example Phragmites rhizomes and the adventitous roots they carry 
penetrate deeply into the soil for many centimetres, perhaps, metres. Puccinellia rootlets 
emerge from the stem base of stolons at the sediment surface, as do the rootlets from 
rhizomes ofJuncus gerardii and Iris pseudacorus. These latter plants form dense surface 
root and rhizome/stolon mats and, if identified, would provide a temporally precise 
record of growth at a site. Evidence for change in root concentrations at Snape (Block 
3) and Angel Marsh (Block 2) indicate that rootlet analysis may accurately reflect 
vegetation changes in some taxa. With taxa such as Phragmites, the presence of leaves 
and stem sections may be more representative of the presence of the taxon at a point in 
time and rootlet/rhizome records would have to be treated with caution. 
As discussed above, the temporal fidelity of some plant remains and whole 
sections of peat may be compromised in peat-forming wet woodlands because of the 
penetration of canopy elements, especially branches and twigs, into the peat surface. 
While the problems of penetration and differential compaction may affect woody 
components, it is uncertain if other aerial and subterranean structures are affected. It is 
likely that branch falls and trunk falls will push macrofossils on the surface into the peat. 
The time averaging effect of slow sediment accumulation rates, root disturbance and, in 
the case of wet woodlands, wood intrusion, may obliterate all vestiges of some 
vegetation communities, environments and episodes of change. This problem will 
potentially affect upper saltmarshes as well as peat-forming environments. Only careful 
observation of macrofossil abundance from close-interval samples may locate the 
remnants of the obliterated phases of sedimentation. 
4.10.2.3 Taxonomic fidelity of macrofossil assemblages 
The potential for macrofossil identification varied considerably within and between 
depositional environments with the level of decay and fragmentation The latter in 
particular, was important in reducing the identification potential of leaves and cuticles. 
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The worst preservation was in the tidally scoured mudflats, creeks and creek edges. The 
best macrofossil preservation was found in the abandoned channel at Snape (sample 2) 
and creek terminal at Angel Marsh, where many fragments of epidermis were preserved 
in exquisite detail. Preservation in the vegetated marshes and fens varied, but was usually 
good, with leaves commonly preserved in the latter. Leaf and herbaceous preservation in 
the drier fen-woodlands was often poor. 
The level of identification of different macrofossil classes was variable. As 
expected, genus and species level identifications were only usually possible for seeds, 
fruits, bracts and bud-scales. Other macrofossil groups were far less easily and precisely 
identified. Rootlets were often identified only to a type that had varying levels of 
taxonomic precision. Stem and rhizome fragments were identified using morphology or 
surface anatomy at sub-class, family, genus or type level. Stems and leaves of the 
Monocotyledon taxa were the most commonly identified and the identification methods 
applied did not allow identification of the few recovered Dicotyledon stems. Dicotyledon 
leaves were identified to a range of levels, with some well-preserved specimens 
identifiable to genus level. Fragmentation and epidermal decay often precluded 
identification, and taxa with toughened leaves were favoured. 
Identification of the non-seed macrofossils was limited by the preservation of the 
remains and the information available to provide secure identifications, as well as the 
anatomical and morphological properties of the plant structures themselves. Some 
macrofossils, such as leaf and rhizome fragments, simply did not contain enough 
morphological and anatomical variability to be identified. Level of identification was also 
limited by the methods used and improved results for roots, rhizomes and stems may 
have been attained if embedding and cross sectioning had proved feasible for routine 
identification work. It was, however, too time-consuming and expensive. Also, while the 
identification work presented in Chapter 3 provided a baseline for identification of the 
macrofossils, comprehensive coverage of the British Flora was not possible. 
The identified macrofossil assemblage in each sample consisted of a range of 
macrofossils identified to different taxonomic levels. This limited the usefulness of the 
assemblages for reconstructing precise vegetation composition in floristic terms. 
Structural reconstruction was possible, but floristic reconstruction relied heavily on the 
use of seeds and other identifiable components. The differences in identification also 
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meant that one species could be represented by several groups of macrofossils, causing 
over or under-representation of species depending on the depositional environment. 
4.10.2.4 Taxon presence 
Remains of the most abundant taxa in the recorded vegetation were usually the most 
ubiquitous in the samples and also dominated sample abundance. Dominant taxa in the 
vegetation were usually present in one form or another in the macrofossil assemblages. 
Therophytes and other plants that produce numerous seeds were the most commonly 
encountered and were widely spread in several sites contributing to the allochthonous 
component of the assemblages. Taxa of limited cover abundance in standing vegetation 
were often unrepresented. Taxa representation in the samples was usually good, 
especially the seed and fruit assemblages. Samples from closed vegetation in areas 
subject to limited air and water movement contained the highest proportion of 
autochthonous taxa and many samples from these situations contained most of the taxa 
in the standing vegetation. Non-seed macrofossils were highly autochthonous and rarely 
contained any material from outside the recorded marsh vegetation. 
Seed assemblages tended to represent a wider range of taxa than the non-seed 
assemblages, although this reflects the lower potential for identification of the non-seed 
macrofossils as much as actual presence. The seed assemblages also usually incorporated 
more allochthonous taxa than the non-seed assemblages and therefore in ubiquity terms, 
they provided a less reliable source of data, although the seed assemblages were always 
of a higher taxonomic resolution. Many of the allochthonous taxa in all of the samples 
and both seed and non-seed assemblages, even those from mudflats, were usually from 
vegetation growing near to the sample point. Higher quantities of allochthonous taxa 
were usually found in samples with regular tidal influence. Creeks, mudflats and samples 
near the vegetated saltmarsh edges contained the largest proportion of allochthonous 
taxa. 
Overall, the macrofossil assemblages provided a good census of the range of taxa 
growing at any sample point, with seed assemblages providing a more detailed 
taxonomically detailed, but less spatially reliable picture than the non-seed material. The 
more complex vegetation with high floristic diversity was relatively less well represented. 
This may be due to a combination of the high spatial heterogeneity of the vegetation and 
macrofossil rain and the presence of many taxa of small cover abundance and limited 
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seed production. Even so, the taxa present were environmentally specific. Many of the 
allochthonous taxa were present in small numbers and local taxa tended to be present in 
large numbers and dominated the assemblages, although some taxa did not conform to 
these rules. This observation suggests that while presence is a useful characteristic, its 
use in isolation limits the potential interpretation of macrofossil data. High abundance 
usually indicated correctly that a taxon was present at or near the sampling point. This 
does not mean that quantitative macrofossil assemblage descriptions can be directly 
interpreted as indicating the relative abundance of major vegetation elements. It does, 
however, with a consideration of specific taxon macrofossil characteristics, provide a 
means of evaluating the reliability of taxon in an assemblage as a source of local 
vegetation information. 
4.10.2.5 The quantitative reconstruction of vegetation using macrofossil data 
As discussed above, the macrofossil assemblages in all environments derived 
overwhelmingly from vegetation at or near the sample points. The abundance of taxa in 
macrofossil assemblages in the surface samples rarely, however, correlated exactly with 
the abundance of taxa in the standing vegetation. The most dominant taxa in the local 
vegetation repeatedly contributed the bulk of both seed and non-seed macrofossils to the 
assemblages and it can accurately be said that the most abundant taxe in the assemblages 
were usually vegetation dominants or co-dominants. Mudflat and creek assemblages 
were the least representative of local standing vegetation, while samples from the 
vegetated marshes and fens varied in fidelity. The usefulness of abundance as an indicator 
of the abundance of a taxon in an assemblage was determined by: 
1. The taphonomic characteristics of the depositional environment in which the 
sediments accumulated; 
2. The dispersal potential and spatial fidelity of the particular macrofossil, determined 
partly by the species; 
3. Productivity of the species in the source vegetation; 
4. The toughness of the macrofossil in a given environment; 
5. The potential for identification of the macrofossils; 
Seed assemblages tended to be dominated by the local dominants, typically 
woody or herbaceous perennial plants, with therophytes also being well represented. The 
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seeds of the latter, and taxa adapted to aerial and water dispersal, were commonly 
preserved in abundance even when not present at the sample site. This was especially the 
case at Burham Marsh where seeds of the therophyte Atriplex prostrata and the aerially 
dispersed Epilobium hirsutum were dominant in several samples when absent from the 
vegetation. Seed dispersal over large distances was noted even in the relatively closed 
wet woodland habitats. The various dispersal mechanisms caused mixing of seeds from 
numerous taxa over wide areas of the sampled habitats, especially in the saltmarshes. 
Broad upper and lower saltmarsh zones could be distinguished at Snape Saltings, the 
most thoroughly investigated site, on the basis of seed assemblage data. Distribution of 
this seed rain was, however, uneven, as shown by the variable abundance in the Block 
samples. Seed abundance data, therefore, usually reflected the productivity, dispersability 
and survivability of a seed type in a particular habitat. 
As well as perennial dominants, local therophytes, especially those of high cover 
abundance were also contributors to the seed assemblages, although the seeds were 
usually well dispersed and only large concentrations verified a local presence. In 
saltmarshes, these latter annual plants (e. g. Atriplex prostrata, Salicornia europaea agg. 
and Suaeda maritima) were almost absent in the non-seed macrofossil assemblages, as 
were many of the broad-leaved perennial Dicotyledon herbs (e. g. Plantago maritima and 
Aster tripolium). Dicotyledon herbs were usually only represented as seeds. In several 
cases, the seeds of Monocotyledon saltmarsh dominants were absent or under- 
represented in assemblages. Festuca nibra was almost always under-represented and it 
was common for Elytrigia and Puccinellia to be under-represented. This may reflect the 
preferred reproductive strategy of these taxa in established saltmarsh environments. The 
standing vegetation cover abundance figures for the samples from Snape Saltings have 
been compared to the DOMIN figures of the seed and fruit assemblages as a proportion 
of all of the seeds and only the local seeds. The figures make sober reading and confirm 
that while major taxa are usually incorporated in seed assemblages, there is considerable 
mixing, and direct interpretation of abundance data is an inadequate means of 
reconstructing the floristic detail of standing vegetation. 
In the freshwater environments a similar overall pattern of representation was 
apparent. The major canopy elements were well represented in the seed and fruit 
assemblages from wet-woodlands, although minor canopy taxa (e. g. Fraxinus excelsior) 
and shrubby understorey taxa (e. g. Crataegus monogyna) were often absent. This may 
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be due to the suppression of fruiting in these taxa by the presence of dark conditions. 
Most of the dominant groundstorey taxa were also present, although minor components 
may have been missed, again probably as a result of suppressed or low seed production. 
Dominants of the herb fen environments also dominated the seed assemblages. 
Interestingly the samples from Hickling also contained many taxa that were not recorded 
in the standing vegetation, especially Juncus subnodulosus, a taxon present in some 
areas, the seeds of which were well dispersed in large quantities. It is possible that these 
taxa were missed in the vegetation survey. However, there was evidence of a 
considerable movement of seeds in the fen environment, presumably by water dispersal, 
and it is possible that these taxa were growing in other areas of the site. The vegetation 
at the fen sites was usually complex and locally variable. The local dominants were 
usually well represented. However, most of the minor taxa were incorporated only 
sporadically and while the abundance, when present, was an accurate reflection of a 
taxon's importance in the vegetation, incorporation and, therefore, representation of 
minor vegetation elements was sporadic. Some taxa that were generally under- 
represented, such as Lysimachia, were evident in relatively large numbers when present 
as a vegetation dominant although they were swamped by other taxa. Presence of large 
quantities of the seeds of this taxon, as with other under-represented taxa such as 
Atriplex portulacoides, Calystegia and Aster, are indicative of much greater presence in 
the standing vegetation than a bare reading of the abundance may suggest. 
Non-seed macrofossil assemblages incorporated only a proportion of the taxa 
present in standing vegetation, usually the canopy or groundstorey vegetation dominants. 
Bulky Monocotyledons with massive stem and leaf production and dense root/rhizome 
systems were favoured in the assemblages. Where these taxa dominated the vegetation, 
the identified macrofossils accurately reflected the dominance. However, in more 
complex vegetation, many elements, especially perennial Dicotyledon herbs, were absent. 
The non-seed assemblages reflected accurately the dominance of the local 
Monocotyledon dominants, but the abundance could not be used to interpret directly the 
cover abundance of a taxon in the standing vegetation. Where the root and other 
macrofossil DOMIN figures were compared for Snape Saltings, the correlation between 
presence, especially when a plant was dominant, was good. The presence and abundance 
of a plant, especially as roots and rhizomes, was dependent on the chances of a sample 
collecting it, and for taxa with limited or fragmented distributions, sampling of the non- 
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seed material was unlikely. Many taxa were also not distinguishable in the non-seed 
assemblages - for example, the leaves of grass species and many of the root types. Some 
non-seed components, especially some Monocotyledon stems, were mobile in saltmarsh 
environments. Super-abundance of one taxon was often found: for example, the leaves of 
Atriplex portulacoides or many of the root/rhizome counts. This is unsurprising 
considering the type of growth of many species. 
Non-seed assemblages from the more floristically diverse fen environments 
showed a similar pattern with local dominants well represented. Canopy elements were 
only partly represented in the leaf and bud-scale assemblages from the wet-woodlands 
and incorporation of leaves especially was sporadic. Again, leaf abundance was usually 
an inaccurate means of determining the actual abundance of taxa in the vegetation, 
although the most abundant leaf types did derive from vegetation dominants. Dominant 
groundstorey vegetation and taxa in the herb-fens were present in the non-seed 
assemblages, including the leaf assemblages, where accumulated. Minor components 
tended to be absent and the non-seed assemblages commonly incorporated leaves of 
many taxa, including the Dicotyledon herbs. The presence of a moderate abundance of 
leaves in the samples is perhaps more important in distinguishing the presence and local 
dominance of a plant than the actual abundance figure in comparison to others. 
Multivariate analysis of the samples showed the main trends in representation and 
the suitability of macrofossil abundance as a means of reconstructing standing vegetation 
in the different environments. Non-seed macrofossil abundance was found to correlate 
more closely with vegetation stands in saltmarsh environments. Seed assemblages were 
much more variable in saltmarshes and rarely corresponded with vegetation parameters 
at all. This was demonstrated repeatedly in CCA of the surface sample macrofossil 
records and standing vegetation data. A confused spread of points across the CCA axes 
for seed assemblages was replaced by a more coherent range of sample clusters 
corresponding to vegetation parameters when non-seed macrofossils were considered. 
The exception was with the seeds of many Dicotyledon herbs (e. g. Triglochint 
marilimum) that corresponded well with standing plant distribution and abundance. 
However, the low level of identification of most non-seed macrofossils precludes even 
genus-level identification of the surface vegetation. While this was less of a problem in 
the modern observations, it will cause a greater element of uncertainty in ancient records. 
Conversely, the seed assemblages from herb fens and wet-woodlands provided 
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the most coherent comparison to standing vegetation in the CCA, and CA clusters were 
more coherent than the non-seed macrofossils. This perhaps reflects, in the case of the 
herb fens, the problems of comparing records of vegetation homogenised within quadrat 
samples with macrofossil records from tightly bounded surface samples. In this 
environment, and that of wet-woodlands, the dispersal powers of seeds were useful in 
providing a local mixed picture at the sample point that reflected the wider vegetation. 
This is useful in closed environments with obviously limited movement of plant 
structures. 
Quantitative analysis of macrofossil assemblages does provide useful data, 
although only some assemblage components correlated with the standing vegetation 
abundance. The data presented here do, however, suggest that use of quantitative seed 
and non-seed data together provides the most reliable and useful basis for macrofossil 
interpretation, providing at least some potential for representation of most plant taxa and 
life-form groups. 
4.10.2.6 Alluvial macrofossil assemblages as a basis for vegetation reconstruction 
Plant macrofossil assemblages are complex entities consisting of a range of plant 
components that all have a variable chance of inclusion in sediments depending on the 
physical and dispersal properties of the species and the characteristics of the depositional 
environment. Analysis of macrofossils from alluvial surface samples in this project has 
demonstrated that, with some exceptions, most assemblages contain macrofossils from 
vegetation standing at, or near the sample point. In most situations, autochthonous taxa 
were the most ubiquitous and abundant. Macrofossil abundance is useful for determining 
local dominants, if not the more detailed elements of vegetation floristics. Some of these 
details may be teased out of the data with a consideration of the taphonomic 
characteristics of particular taxa in particular depositional environments. 
Where allochthonous taxa were present, many derived from vegetation outside 
the particular sampled vegetation formation, but within the relevant environment. 
Allochthonous taxa from beyond the environment tended to be present in small numbers 
and were minor assemblage components. Most allochthonous inputs in estuarine settings 
could be identified on the basis of environmental preference and generally contributed 
little to the overall macrofossil assemblages. They provided an incomplete, yet potentially 
useful, census of some of the more productive and well dispersed seeds of taxa in the 
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area, perhaps useful for sensing new plant presences in some Holocene settings. 
Allochthonous taxa were less distinguishable in fen environments, and again, were 
usually a minimal input. 
In environments without standing vegetation, namely mudflats and creeks, the 
macroflora was mainly derived from nearby vegetation, although this varied with the 
openness of the environment. Most of the creeks sampled in this project were reasonably 
closed and those from nearer open channels may contain more allochthonous inputs. 
Similarly one would expect mudflat sediments to contain more allochthonous matter 
from a progressively wider catchment nearer to the permanent river channel and away 
from the saltmarsh, or nearer to the sea, with increasing tidal influence. 
Autochthonous taxa in the assemblages provided a valid and potentially useful 
means of reconstructing vegetation, although dominants were usually favoured in the 
assemblages and interpretation of the assemblages was less simple than directly 
transferring macrofossil abundance to standing vegetation abundance. While the results 
of quantitative analysis of whole assemblages was mixed, a similar pattern of 
representation was noted in many sites, that is that the most abundant seed types/taxa in 
assemblages usually included important local vegetation components. Minor taxa were 
commonly absent and different macrofossil classes sampled different vegetation 
elements. Seed assemblages were the most useful in taxonomic terms and tended to 
sample a broader range of taxa and structural groups, especially the often well dispersed 
rosette plants that were absent in the non-seed assemblages. The non-seed assemblages 
were biased towards the more productive and well spread plants. Most of the structural 
elements of the vegetation were usually present, although only if the taxa were used as 
representatives of a structural group. Complete representative suites of macrofossil 
classes were not usually preserved. 
Detailed reconstruction of the vegetation was not possible beyond stating 
whether taxa were major or minor vegetation elements. Quantified NVC-type vegetation 
reconstructions would not be reliable if based on a direct transfer of macrofossil 
abundance to standing vegetation abundance. Major components are, however, reliably 
identified in most environments, although samples from the edges of marshes were less 
reliable. Identification problems limited the taxonomic resolution of all of the 
assemblages, especially the non-seed material, adding to the obstacles barring detailed 
and precise vegetation reconstructions. It seems unlikely that many of these problems 
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would be overcome and it seems unlikely that more precise non-seed macrofossil profiles 
could be attained. 
A broader type of vegetation reconstruction is attainable using macrofossil 
analysis of alluvial sediments. Both seed and non-seed assemblages are required for this 
as they provide complementary information about standing vegetation. The data they 
provided was found to be complimentary and interpretations made using one type of 
macrofossil were re-enforced by analysis of others. Vegetation is a complex three- 
dimensional phenomenon and the samples inevitably come from a small spatial area. 
Seed-shadows from individual plants overlap and are affected by environmental and 
taxon-specific characteristics. Non-seed macrofossils are usually highly local in 
derivation. Use of both types of data provides the best picture of past vegetation. A 
multi-disciplinary research approach is also required using a combination of species 
abundance, species presence, sedimentology, macrofossil class analysis and studies of 
macrofossil dispersal and reproductive behaviour to provide the most complete 
interpretation of macrofossil assemblages. Sedimentary data are also vital to ensure that 
some environments can be distinguished. These observations are consistent with work of 
Tertiary floras (Gastaldo and Ferguson 1998). Only the most basic sediment descriptions 
were attempted in this project and it seems likely that other parameters, such as -magnetic 
susceptibility and particle size analysis may provide useful data for improving 
interpretations. 
A broad interpretation of macrofossil data in terms of dominant and minor taxa in 
the assemblages may not only be the most attainable, but also more relevant for the main 
research questions addressed by palaeoenvironmental analysis than NVC-style 
reconstructions. Broad upper and lower saltmarsh zones were identifiable using the 
euhalobic, mesohalobic and oligohalobic classification discussed in chapter 2. The data 
from Snape split the site into two broad zones that correlated with the main vegetation 
patterns and zonation of the site. Macrofossil assemblages tended to include taxa from 
the upper or lower saltmarsh zones as well as the local taxa. If only ultra-local taxa had 
been included, some assemblages would have been difficult to place on the saltmarsh. 
The homogenisation of assemblages in the different zones actually overcomes the 
parochial nature of many of the assemblages and the nondescript vegetation they 
represent. This type of classification is useful when trying to locate and track tidal 
heights. Broad changes in wet-woodlands would also be identifiable in this way. 
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Although spatial trends in macrofossil abundance and presence are 
understandable, some degree of temporal averaging will cause merging of assemblages 
from different periods. Mostly non-seed data would be affected by such mixing, 
especially subterranean components. One possible way to check information would be to 
use seed characteristics as a gauge of temporal mixing of non-seed material. 
4.10.3 The usefulness of different types of macrofossils 
Moss remains were not systematically identified in the standing vegetation nor were they 
identified in the macrofossil assemblages. Only in the wet-woodland sites were they 
present in considerable numbers, foaming a dense cover in some open areas and 
commonly forming epiphytic communities on trees. Moss macrofossils were rarely 
recovered in macrofossil assemblages, although where they were preserved they 
commonly were in good condition and may have been identifiable to a high taxonomic 
level. They clearly provide a means of identifying another component of the vegetation 
but seem to be rarely and unevenly incorporated into alluvial sediments. 
Woody stems and stem components were preserved in the wet-woodland samples 
and also in some of the samples in saltmarshes where Atriplex portulacoides grew. 
Wood was usually only preserved in any quantity where arboreal or woody taxa were 
present in the vegetation. In the wet-woodlands the peat was often composed mainly of 
degraded wood and indeterminate matter. Much of the wood in these samples could not 
confidently be assigned on the basis of structure to stem or root wood. However, given 
the high canopy turnover, most probably comes from the stem structures. It was clear at 
Bure Marsh that woody litter was a major contributor to the assemblages, but decay was 
pronounced and only rarely were large wood fragments preserved. Branches and twigs 
penetrated the peat and it seems likely that wood preserved in an identifiable state may 
be intrusive, only surviving when it penetrated soft peat. Otherwise, wood decayed at the 
peat surface to a point where it is unidentifiable. This observation must bring up a 
question about the temporal fidelity of identifiable wood in peat samples, although it 
should be said that wood seems to have a high spatial fidelity. Wood fragments were 
preserved in some mudflat samples, but only as isolated rounded `pebbles'. The 
preservation of Atriplex portulacoides wood in saltmarsh sediments was variable and 
woody components were only sporadically preserved beneath Atriplex stands. 
315 
Woody roots were preserved at several sites, with the greatest abundance in 
samples from near tree-bases. They offer a means of identifying local tree presence but 
poor identification potential restricts the usefulness of the remains. Bark was a common 
component in all of the samples where arboreal species were present. It was not 
identified and may well be unidentifiable. Bark fragments were not found widely 
distributed in the mudflats and channel samples, although its toughness may suggest that 
it has the potential to be entrained for long periods in rivers and channels. 
Non-woody aerial stems were preserved in both saltmarsh and fen environments. 
Identification was generally to family or genus level and most of the remains were 
autochthonous. In saltmarsh samples it was uncertain whether many of the 
Monocotyledon remains were from aerial stems or stolons. Monocotyledon stems were 
commonly preserved, whereas Dicotyledon and Filicophyta stems were much rarer. This 
reflects the mode of growth of the different plants. Many of the stems of the 
Monocotyledon taxa grow from beneath the sediment surface and often collapsed onto 
the sediment surface, so had a greater chance of incorporation in sediments. Dicotyledon 
and Filicophyta stems tended to grow from the sediment surface and the stems usually 
decayed in situ. The Monocotyledons tended also to grow in dense stands with multiple 
tillers producing a vast quantity of stem material that had a greater chance of 
incorporation in sediment. Most of the stem remains were autochthonous, although 
incorporation was sporadic. The remains, therefore, provided a spatially sensitive, but 
taxonomically insensitive source of data. Identification may well improve with more 
research: however, an outstanding problem will remain the temporal averaging caused by 
the penetration of sediments by rhizomes and emergent stems. In mudflat and transitional 
samples the stems of the pioneer taxa Salicornia and Suaeda were commonly preserved 
and provide an important resource for determining the environment. 
Buds and bud-scales were preserved mainly in the wet-woodland sites and large 
assemblages were only preserved where arboreal taxa were present. Large quantities of 
the bud-scales of a taxon were a good indicator of a taxon's presence. They occasionally 
appeared in estuarine sediments, usually as single scales, and from local taxa in riverine 
fringe vegetation. Buds are produced at the surface and are likely to be temporally 
sensitive, unless penetrating sediments on twigs. They provide a useful and durable 
source of data and are important for confirming the presence of arboreal taxa and 
determining the dominants in wet-woodland vegetation. In some cases they were the 
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only macrofossil trace of minor canopy elements and understorey taxa. The estuarine 
data also show that they may be useful for providing evidence of the presence of some 
taxa in river catchments. 
Leaves were a common find in samples, although they were rarely preserved in 
large quantities. Leaf preservation was highly dependent on the environment and rapidity 
of sediment cover. The Monocotyledon taxa were favoured again, probably because of 
their high productivity. Most leaves wither and decay on the plants in the case of the 
Monocotyledons and herbaceous Dicotyledons. It was noticeable that among the most 
commonly preserved leaves were those of Phragmites, a plant that grows in dense stands 
and sheds its leaves. Monocotyledon leaves were usually less commonly preserved than 
stems. Dicotyledon leaves were rarely preserved, with the exception of Suaeda and 
Atriplex portulacoides in the saltmarshes, the arboreal dominants in the wet-woodlands 
and some of the dominants in the fens. Suaeda and Atriplex portulacoides produced 
easily detached tough leaves that were evidently more likely to become entrained in the 
sediment column. The arboreal dominants in the wet-woodlands produced vast quantities 
of leaves, most of which are destroyed. The quantity of Dicotyledon leaves was often 
small in the peat samples and the drier environments at Wicken Fen had limited leaf 
incorporation. The leaf assemblages in the wet-woodland sites preserved mainly the 
dominant taxa, with only a few co-dominants and minor arboreal species preserved. Leaf 
incorporation was, nevertheless, sporadic and the utilised sampling method did not 
provide assemblages that could be reliably used to give a total census of standing 
vegetation and the details of arboreal taxon abundance. 
The herb-fen samples only contained Dicotyledon leaves when taxa were present 
in large numbers. Identification was heavily dependent on fragmentation and surface 
erosion. Many fragments could not be identified. Those that were provide a useful 
identification tool and where present in large numbers, also indicate favourable high- 
water conditions and an anaerobic environment at the time of deposition. Leaf beds were 
not seen at the sampled environments, although they were observed in a ditch at 
Minsmere Marsh in Suffolk. Identification may be improved by further research, 
although improvements in technique cannot circumvent the problems of the innate 
fragility of leaves. 
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Petioles and rachis fragments were rarely preserved. Abscission surfaces were 
preserved in many habitats, although they are not easily identifiable. They do not provide 
a useful source of data in relation to other classes of material discussed here. 
A range of other aerial non-seed macrofossils was potentially present including 
stipules, thorns, prickles and scales. Scales seen on Filicophyta rachis were absent from 
the assemblages. Prickles and spines were rarely preserved and are only identifiable to 
type. Stipules were preserved in wet-woodland samples from Salix. They were only 
preserved where Salix provided dense cover and usually in small numbers. As with bud- 
scales, they are mobile and were found in one estuarine sediment sample. Apart from 
providing some additional presence data, all of these macrofossil types were unimportant 
in the interpretations. 
Non-woody underground stems again were mainly preserved by Monocotyledon 
taxa and usually only family- and genus-level identifications could be assigned. 
Dicotyledon remains were scarce, perhaps reflecting the sparseness of the taxa in the 
sampled vegetation. When present, Dicotyledon rhizomes proved difficult to identify, 
although identification could have been improved with further technical work and the 
quantity of anatomical data present in the literature suggests that this is possible. These 
remains provide spatially precise data and were of some importance for ascertaining the 
local presence of taxa. Underground structures do, however, have a lower spatial fidelity 
than other remains. Taxa varied in the depth of penetration, with some of the saltmarsh 
grasses having shallow rhizome mats, while taxa such as Phragmites had rhizomes that 
could penetrate several metres of sediment. 
Rootlets proved to be one of the most ubiquitous and difficult macrofossils to 
identify. They were often featureless and many had lost important surface features. The 
ubiquity of this class of material and the potential taxonomic information attainable 
through even low-level identification suggests that they are a vital element of macrofossil 
analysis. When taxa could be distinguished, there was usually a strong correlation 
between the standing vegetation and the roots, although they were so local that they did 
often not include minor taxa or taxa that were absent from the exact sample location. 
Identification was a problem and is unlikely to become more refined as the features for 
identification are absent. Sectioning would produce important basic information (i. e. 
Monocotyledon versus Dicotyledon). However, systematic sectioning is not thought to 
be feasible. In most cases the rootlets ramified through sediment but were usually 
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concentrated near the sediment surface and for most taxa the majority of roots will be 
accurately represented near to the sediment surface. Several of the block samples picked 
up changes in the rootlet load that corresponded to other macrofossil changes and 
predicted vegetation changes, suggesting that root abundance is temporally precise. 
Spores and sporangia were only produced by Filicophyta in the sampled habitats, 
although several Characeae oospores were preserved in samples, suggesting that these 
macrofossils may be carried far on floodwaters. Indusia were not recorded. Huge 
quantities of sporangia were produced in many situations and they had to be treated 
separately from the seed sums to prevent swamping. Incorporation was, however, 
sporadic and some sites with Filicophyta growth produced none. The presence of 
sporangia tended to indicate a local presence of fern; however, identification was always 
at a low level. Vegetative remains of ferns proved to be poorly visible and the sporangia 
provided a useful, if taxonomically limited means of verifying fern presence. 
Seed and fruit assemblages were one of the most important elements of 
macrofossil analysis. A wide range of taxa and structures was preserved, including seeds, 
capsules and bracts. All were useful, with bracts providing additional and more reliable 
evidence of the local presence of tree species. Seed and fruit assemblages provided the 
most taxonomically high-level information with varying spatial fidelity depending on 
species. Abundance and presence data were also vital for interpretation. Seed and fruit 
elements have been discussed at great length so far elsewhere and no further 
pronouncements on them is necessary. 
Of the detached individual tissues, epidermis fragments were among the most 
commonly encountered. They were highly identifiable and most abundantly preserved in 
the still, anaerobic sediments of the abandoned creek at Snape. As such they provide, 
with the sedimentology, a useful means of identifying similar environments. 
Unidentifiable matter was a constantly present class of remains and was divided 
into obvious herbaceous matter and that which could not be assigned to any particular 
plant structure. Both classes of remains increased in abundance in creeks and mudflats, 
where environmental conditions were detrimental to macrofossil survival. Large 
quantities of herbaceous plant fragments were an accurate indicator of the presence of 
large quantities of herbaceous taxa in the vegetation, just as wood fragments were an 
indicator of the presence of tree species. Surprisingly then, the quantity of these 
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seemingly unprepossessing remains provides useful, if broad-scale, data about the 
vegetation and depositional environment. 
4.10.4. Autotaphonomy of species 
Macrofossil data from the sampled sites has produced a range of information about the 
representation of several taxa in alluvial macrofossil assemblages in a range of 
environments. As with the information about macrofossil assemblages as a source of data 
about past vegetation and depositional environments, the following is based on relatively 
few samples and few sites. The reliability of the information as a basis for interpretation 
varies for each species, especially for those in freshwater habitats. Repeated patterns of 
representation for some taxa, especially from the saltmarshes, do, however, suggest that 
these generalisations may be of interpretative use. 
4.10.4.1 Tree species 
The remains of tree species were widely distributed in the samples, small quantities being 
incorporated in many of the estuarine samples and dominating the macrofossils 
incorporated in the wet-woodlands. 
Alnus glutinosa was only found growing at the sample points at Bure Marshes 
and Wicken Fen. Its seeds, cones and bud-scales were usually preserved where the taxa 
were present in the standing vegetation and were the main seed components when the 
taxon was dominant in the canopy. The seeds were also well dispersed, being adapted to 
water dispersal, and were found in many samples from saltmarshes and mudflats. Eighty 
percent of the seed occurrences were found where there was no vegetation (Figure 4.77a 
and Table 4.34). Bracteoles, cones and bud-scales were more spatially confined and 
provide a more reliable source of presence data for the tree. Leaves were identified at 
Bure Marshes and were often well preserved, although samples only contained the 
remains where the taxon was a major canopy dominant and the leaves were absent from 
drier wet-woodland sites. 
The seeds of Betula were one of the most ubiquitous seed types encountered in 
the project and were some of the most well dispersed, being found in many samples 
(87% of occurrences) where it was not present in the vegetation. Where the tree was 
present in the vegetation its seeds were usually preserved along with cone bracts. The 
seed was commonly over-represented, being produced in massive numbers and preserved 
Numbs otsempla Numbs of sample %of samples in which % otsamplet in which seeds 
in which taxon presort in which taxon promt seeds present m usaoblage pramt where vegetation 
tuns in standing vegetation in seed sssanblage and standing vegetation is absent 
Ac. rpseudoplatmas 2 0 0 0 
Alnusgtaanom 6 30 100 80 
Aithaea offidnaAs 3 1 33 0 
Angelica sp 0 2 0 100 
Anahriscussylrtetris 0 1 0 100 
Apase sp. 0 7 0 100 
Aretwe sp. 0 1 0 100 
Asts aipol6. s 46 33 46 36 
Atrlptexpomlacoid s 19 27 84 41 
Atriplax p-a 41 53 88 32 
Betula pabasc. u 6 46 100 87 
Bolboscheamwmaraanus 2 1 50 0 
CalurioSe sp. 0 2 0 100 
Calyst. gia sgmaw 33 11 33 0 
Carer gspropaquinta 0 0 0 0 
Carexpaniculata 4 3 73 0 
Carrx pmrdula 2 0 0 0 
Carasroeaa 3 3 67 33 
Corer ripana 2 0 0 0 
Carer sp. 3 5 67 60 
Characeee 0 2 0 100 
C seeopodiaaa sp 0 2 0 100 
Clravn palusnu 0 4 0 100 
Cladlum maricus 6 6 100 0 
Coahkarta angltea 1 9 100 89 
Corylus avdana 0 1 0 100 
Crate gwm(mog>na 3 2 33 50 
Epllobn. n sp 0 IS 0 100 
Etytrigi as rp. u 11 20 100 45 
Eupatorpan cannabuanr 8 8 73 23 
Futuea nlbra 5 8 20 88 
Fdrpsndula ubnaria 4 3 73 0 
Frangula ablas 3 1 33 0 
Fra frsus sueLior 6 1 17 0 
Goljwn pat, - on. 7 4 29 50 
Gla sx marimma 9 12 22 83 
GI c ria esp. 0 1 0 100 
Hydrocoryla nilgar!, 0 1 0 I00 
Lispsudaeorro 7 2 14 50 
Jw, cus g. rardii 19 40 84 60 
ho, cau emritimu, 1 0 0 0 
. hmcursubnodulosus 3 
7 100 57 
hmczss other 0 9 0 100 
Larhýws sp. 0 1 0 100 
Ltrraniuas sp. 6 4 33 30 
lycopur. uropa. aus 0 12 0 100 
lysonachia vulgac4s 4 2 50 0 
M. ntba sp. 0 5 0 100 
Mo6nia ca.. ulea 2 1 50 0 
Oeeans6. app. 0 12 0 100 
P. ucdasws palaorr 4 4 75 25 
Phalarin anodinac. a 1 0 0 0 
Phragmuss austral, 49 33 92 is 
Plmuago moritowa 6 12 67 67 
Po vgonum/Persicwia app. 0 4 0 100 
Pucein. 2a sp. 29 44 79 48 
Raemeuhus aerü 0 3 0 100 
Ranunculussc leraau 0 6 0 100 
Rosa sp. 1 0 0 0 
Rubussp 4 10 23 90 
Rwnas erLpw 1 3 0 100 
Runsshydrolapadium 2 2 50 50 
Romas app. 0 11 0 100 
Saglna sp. 0 1 0 I00 
Saticomia/Sarcoconla sp. 8 14 88 50 
Salts sp. 9 12 89 33 
Sambucuu n, gra 0 1 0 100 
Samolw val raodl 0 1 0 100 
Scho. oplecsuslacumi, 0 1 0 100 
Solmam duleamara 11 7 43 29 
Samchus palusois 0 4 0 100 
Sparrsna mgl/ca 9 6 11 83 
Spergularla media 3 6 33 83 
Snllaria app. 0 2 0 I00 
Suadamaritima 17 18 41 61 
Trlglochm maitumon 9 20 67 70 
T)pha ongusftfolia 4 7 73 37 
Urtica dioira 8 11 38 73 
Valwima dioira 1 2 l00 50 
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Table 4.34 Ubiquity data for taxa identified in the standing vegetation at sample sites 
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near standing vegetation. Cones and bud-scales were only preserved in large quantities 
where the tree was an important canopy element. The case of site 01/05 is interesting as 
both seeds and bracts were present in the macrofossil assemblages but the taxon was not 
recorded nearby in the vegetation (it was present approximately 100m distant from the 
sample point). Both of these macrofossils were also found at Hickling Broad, tens of 
metres away from a specimen of the tree. The bracts and seeds are clearly easily 
distributed on the winds. While the seeds are the least reliable as a basis for determining 
local presence of the tree, bracts are likely to be produced near to the plant and the most 
spatially reliable macrofossils were the bud-scales and cones. Leaves were preserved at 
Bure and Wicken Fen where the plant was a vegetation dominant, although sediments at 
both sites tended to be dry and only a minority of the leaf remains were identifiable. One 
of the few allochthonous leaf remains at Snape Saltings was a Betula leaf fragment, 
deriving from vegetation at least 150m away. 
Salix species were present at both wet woodland sites and around the fringes of 
Hickling Broad. The seeds were commonly preserved at the wet-woodland sites, even 
where the taxon was not a major canopy component. Only the dry and isolated site 01 at 
Wicken Fen contained no Salix seeds. The seeds were broadly produced in numbers 
equivalent to abundance in the canopy, although there was a tendency for over- 
representation. The seeds at Hickling Broad were preserved in small numbers but 
demonstrate the mobility of these aerially dispersed seeds. The presence of seeds was of 
interest as they are often absent from ancient macrofossil assemblages. Many of the seeds 
recorded at the sites were heavily decayed and it seems likely that most would not 
survive in the long-term in an identifiable form. 
Other macrofossils were poorly represented in the assemblages. Capsules were 
only preserved at one site, Bure 04/09, a sample point with some Salix, but far less than 
other sample points. Unlike seeds, capsule recruitment seems to be unpredictable. 
Stipules were similarly unreliable as an indicator of presence, being preserved in only 
three samples. A stipule was recorded at Borstal Marsh suggesting that these 
macrofossils are tough enough to survive water transport. Bud-scales were preserved in 
all of the sites where the taxon was locally present, with the exception of sample 
01/04/09. They were usually preserved in only small numbers when the taxon was a non- 
dominant. These data suggest that bud-scales are a useful source of data about Salix 
presence and, to some extent, abundance where seeds are not preserved. Salix leaves are 
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easily identified and tough and were one of the more well-represented leaf types. They 
were preserved in large numbers at Wicken Fen site 03, where it formed dense shrubby 
growth. Leaf incorporation in other sites, where the taxon was a minor canopy element, 
was sporadic. In ancient deposits, as with other taxa, large leaf assemblages almost 
certainly indicate local presence. 
Minor arboreal taxa were poorly represented in the assemblages. Frangula alnis 
was present at Wicken Fen and was almost absent from the macrofossil assemblages, a 
few seeds being the only trace of the species in one sample out of three. Compared to the 
abundance of Salix macrofossils the taxon was hugely under-represented. The leaves of 
this and Rhammis cathartica were found to be very fragile during leaf reference slide 
work and it seems unlikely that, in the absence of standing water, leaves would be 
preserved in ancient macrofossil assemblages. Acer was a minor component and absent 
from the macrofossil assemblages and Fraxinus, a common minor element at Bure 
Marshes, was only represented by two bud-scales and two leaf finds. The latter finds 
show the importance of non-seed data for sensing minor arboreal components and also 
show that the chances of incorporation of macrofossils from a species is increased with 
greater productivity and standing cover abundance. Crataegus was a minor element at 
Bure Marshes and was recorded in one sample. The seeds were also preserved in several 
estuarine sediment samples, as was a specimen of Corylus avellana. The presence of 
these with a Sambucus seed and several bud-scales in estuarine sediments show that river 
sediments are a useful source of qualitative data about species presence in a catchment. 
4.10.4.2 Shrubs and sub-shrubs 
Atriplex portulacoides was present as a vegetation dominant at several saltmarsh sites. 
Its macrofossils were preserved in many of the samples where it grew, although the seeds 
were often sparsely incorporated and were also found in many samples where the plant 
was absent. The rootlets were the most reliable indicator of its presence. However, these 
are unlikely to be preserved in an identifiable form in ancient sediments as the main 
distinguishing character was colour. Woody elements and leaves were also regularly 
preserved, although their presence was much less consistent than the seeds and roots. 
Woody components especially were under-represented. However, leaves were more 
commonly incoporated. At Stonemarsh and the Snape Fringe area, stands of Atriplex 
portulacoides was represented by very few macrofossils and no seeds. At these sites the 
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leaves were important for determining the local presence of the plant and without leaf 
identification it would be less visible. 
Rubes fruticosus was in the standing vegetation only at Wicken Fen and Hickling 
Broad, in environments with dry and humified peat. It was represented in the seed 
assemblages by its characteristic fruits and prickles that are most likely to have derived 
from the taxon. Seeds were often preserved in samples where the plant was not in the 
vegetation, always in small numbers. The most likely source of these widespread seeds is 
bird droppings. Only at Hickling Broad where the plant was growing at sample point 
07/01 were seeds present in large numbers. Prickles were also preserved in the sample. 
The prickles identified in several samples may have derived from several taxa. However, 
Rubus fruticosus is the most likely source. Its presence in several samples from Bure 
Marshes may indicate that the plant was present, growing on the dry tree-stumps, but 
was unrecorded during fieldwork. 
4.10.4.3 Bulky Monocotyledons 
Phragmites australis was an important component of vegetation in saltmarsh fen and 
wet-woodland habitats. Its macrofossils were commonly preserved where it was a 
vegetation dominant, especially in the reedbeds that fringed many saltmarshes. Stems 
were the most abundant of the macrofossils in the sample set, leaves also being 
commonly preserved, although in much smaller numbers. Rhizome fragments were also 
commonly recovered. Preservation was favoured where dense stands of the taxon were 
present and its dominance in assemblages usually reflected a real dominance on the 
ground. In the wet-woodlands, a sparse reed-cover was commonly present but 
macrofossils of the plant were rarely incorporated. Only seeds were preserved and these 
were present usually in small quantities. Seeds were commonly preserved in the 
saltmarsh and fen environments alongside vegetative remains. They were rarely 
allochthonous components and were always recorded in small numbers. Phragmites was 
commonly over-represented in seed assemblages, its vegetative remains being preserved 
in proportion to its abundance in comparison to other similar taxa (e. g. the Carices), but 
being over-represented in comparison to Dicotyledon and hemicryptophyte 
Monocotyledons. Its preservation was favoured by the growth cycle, its stems 
originating below the sediment surface and leaves being shed in autumn forming a dense 
mat that enhanced the prospect of leaf incorporation in sediments. 
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Several saltmarsh grasses were present in the standing vegetation, namely 
Festuca rubra, Elytrigia pycanthus and Puccinellia spp. The main means of 
distinguishing the species was by use of the seed assemblages. Festuca rubra was under- 
represented in most of the samples and absent from many where it was in the standing 
vegetation. Puccinellia and Elytrigia seeds were present in most of the samples where 
the taxon was present in the vegetation, although Puccinellia was absent from 20% of 
the samples where it grew. The seeds of these taxa were widely dispersed and abundance 
was not necessarily an accurate reflection of the local presence of the taxon. Rhizome, 
stem and leaf remains of these taxa were also present, although many were identified 
using the knowledge of the standing vegetation, rather than microscopic criteria. In 
ancient material, such a method would be impossible and a family or sub-family level 
identification would only be attainable. Seed data, therefore provide a useful means of 
identification of the taxa, but the data are of variable spatial accuracy. 
Several other grasses were present in the sampled vegetation and in general the 
presence of Poaceae vegetative remains was a reliable means of establishing the presence 
of grass taxa. The dense growth of Molinia at Wicken Fen site 02 was reflected in the 
vegetative remains and in the high abundance of Molinia seeds. Although few samples 
were analysed, it seems that the spatial resolution of the grass seed data in fens and wet- 
woodlands may be much higher. 
Carex species were present at the wet-woodland and fen sample sites. Nutlets of 
this genus are notoriously difficult to identify, and the vegetative remains, where present, 
were only identifiable to family level. Carex seeds were in most of the samples where 
present in the standing vegetation. However, coverage was sporadic and samples from 
several sites lacked seeds when it was present in the vegetation, especially at Bure 
Marshes sites 5 and 8. This may reflect the suppression of seed production under dense 
tree canopies. The species identified in the assemblages should be regarded as `types' 
and could be identified at that level because of knowledge of the standing vegetation. 
The dominant Carex species did not necessarily dominate the seed assemblages and 
Carex remota was repeatedly over-represented in relation to the seeds of the dominant 
Carex paniculata. Overall seed production was actually very low, but Carex species 
regularly and accurately dominated the seed assemblages of wet-woodlands where they 
were the dominant taxon. Carex vegetative material was present at most of the sample 
points where it was preserved. Roots were preferentially preserved over leaf and stem 
327" 
material; however, in some samples the non-seed material was missing. Carex was well 
represented in macrofossil assemblages, although accurate species level identification 
was not possible. The Cyperaceae level identifications made here for the non-seed 
material could also probably be improved. 
Cladium mariscus was in the standing vegetation at most of the sample points at 
Hickling Broad. The seeds were only found in samples where there was standing 
vegetation and the lack of seeds in samples 03/02/02 and 04 suggests that the seeds are 
not widely dispersed in fen environments. The seed abundance could not be related 
directly to standing vegetation abundance and Cladium was usually well represented in 
relation to other Monocotyledons and better represented than most Dicotyledons. Stems 
and leaf remains were sparsely preserved where the plant was preserved in large 
quantities. However, only half of the samples contained vegetative macrofossils. Roots 
would have been included in the Cyperaceae category and these roots were present in all 
of the samples where Cladium was present. Cladium was most adequately represented 
by its seeds, which appeared to be rarely spread beyond the local area of the plant and 
are tough, ensuring preservation. 
Juncus gerardii was present at Snape and Angel Marshes and its macrofossils 
were commonly preserved in the samples. The most ubiquitous macrofossils were the 
seeds, present in many samples where it is in the standing vegetation and also well 
distributed across adjacent areas of the saltmarsh. High abundance of seeds was usually 
an indicator of the local presence of the taxon, but large abundance was also found in 
creeks and some marsh samples where the taxon was absent. The seed rain was more 
variable and better correlated with the standing vegetation at Snape. Many samples at 
Angel Marsh contained seeds where the plant was absent in the sample point vegetation. 
Capsules were better correlated to standing vegetation presence than the seeds. Stem and 
rootlet remains were commonly preserved in the samples although the stem remains were 
regularly found at locations where the species did not grow. Stems are therefore 
unreliable as indicators of the local presence of the plant. Rootlets were well correlated 
with the standing vegetation of the plant, although in some stands where the plant was 
present the roots were absent. Again, more movement in the stem and rootlet material 
was seen in Angel Marsh as a whole and also in the creek and mudflat sediments. 
Juncus subnodulosus seeds were commonly distributed throughout the samples 
at Hickling, even when it was absent in the standing vegetation. The seeds, as with J. 
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gerardii are evidently easily distributed in alluvial environments and abundance was not 
an adequate means of determining the local presence of the plant. Capsules were only 
preserved where the plant was present in the standing vegetation, as were the vegetative 
components, mainly roots with occasional stem fragments. These remains were 
preserved only when the plant was a major vegetation element. The non-seed material 
was only identifiable at genus level and again the seeds provide the only means of 
determining the species. 
The remains of Iris pseudacorus were sparse and underrepresented, seeds being 
only occasionally incorporated into sediments when the plant was growing at the site. 
Seeds were commonly preserved when the vegetation was absent and the seeds were 
clearly well distributed in fen environments. Rhizome fragments were preserved in 
several samples, being the only indication at Bure site 04/09 of the presence of this 
groundstorey dominant. Rhizomes at Hickling were found where the plant was no longer 
a live element of the vegetation. The plant was present nearby and evidently its thick 
rhizomes are persistent in fen sediments. 
Typha was only present in the vegetation at Hickling Broad, where it was co- 
dominant at one site and present in the diverse vegetation at several others. The seeds of 
the plant were largely preserved in small numbers, although the sample from the co- 
dominant vegetation had 17 specimens. Seventy percent of the samples from sites with 
Typha in the vegetation contained seeds, with seeds being found in several samples 
where the plant was not present. In fen environments, the presence of large quantities of 
seeds will be a reliable guide of taxon presence. However, the seeds are well dispersed 
and preferably other remains would be identified. Non-seed material was present in 
several samples, including the characteristic roots, always where the plant was growing 
in the standing vegetation. Roots and epidermis fragments were distinctive and 
occasionally identified. Only where the vegetation contained Typha as a co-dominant 
were all types of identified macrofossil present. Where Typha was a minor vegetation 
element, incorporation of non-seed macrofossils was uncertain. 
4.10.4.4 Perennial Dicotyledon herbs and Monocotyledon rosette plants 
Perennial Dicotyledon herbs and Monocotyledon rosette plants were only represented by 
seeds in samples from the saltmarsh sites, with the exception of Glaux maritima. They 
were important elements of saltmarsh communities; However, the plants were usually 
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well distributed and not favoured for inclusion in surface samples of a small area. 
Rhizomes and leaves would only be included in the samples if they covered the exact 
point of growth. The more abundant, extensive and denser growths of bulky 
Monocotyledons were more likely to be incorporated in the samples. 
Althaea seeds were present at Burham Marsh but only in a small number of 
samples at which the plant was growing and always in small numbers. The plant was a 
minor vegetation component, but was still under-represented. Aster was a common 
saltmarsh element at all of the sites. Only in the upper saltmarsh samples at Snape was it 
preserved in any quantity. The seed assemblages of Aster were unreliable as a source of 
information, being present in as many samples where it was a local plant as where it was 
absent (Table 33; Figure 4.77b). Limonium was under-represented, only a few whole 
flowers being preserved in the samples. Cochlearia seeds were present at Snape and 
Angel Marsh, although the plant was rare in the vegetation. Only in the saltmarsh fringe 
(area 01) at Snape were the seeds common, the highest abundance correlating with the 
presence of the plant in the vegetation. The seeds were unreliable as a means of 
identifying local plants, except in huge numbers. 
Plantago maritima was present at Snape where its seeds were as likely to be 
present whether the plant was present in the vegetation or not. Capsules were preserved 
as well as seeds. The seeds of Plantago were well dispersed over a wide area where 
present. A `rogue' concentration of seeds was present in sample 18 from a creek near an 
outpost of the vegetation sampled by the blocks. The presence of these seeds, with the 
overall pattern of representation, shows how well adapted to dispersal the seeds are. 
Triglochin maritimum seeds were also well dispersed in the upper area of the saltmarsh 
at Snape, where large concentrations of seeds were preserved. Seeds were preserved in 
most of the sample points where the plant was present in the vegetation. However, many 
other samples contained, sometimes large, quantities of seeds. Triglochin seeds were 
evidently well dispersed in saltmarshes and are unreliable as a source of spatially precise 
data, although again they were dispersed in the zone of the saltmarsh where the species 
was present. A similar pattern was seen in the records for Glaux maritima. This species 
was represented by seeds and leaves, both of which were highly mobile and widely 
spread over the upper zone of the saltmarsh where the plant was growing. Leaves of 
Glaux were unlike the other plants discussed in this section, being arranged along the 
stem axes and easily detached. Clearly, leaves only have a potential for deposition in 
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slow and stable sedimentary conditions if they are detachable and can be entrained in the 
sediment column. 
Representation of this class of plants from mainly freshwater habitats was 
variable, mainly being restricted to occasional leaf fragments along with the seeds and 
fruits. The lack of leafy material in peats is due to the habit of many plants to decay in 
situ. Only where large concentrations of these taxa are present were the remains of aerial 
parts preserved in mires. The roots and rhizomes were rarely encountered and the roots 
were largely indistinguishable, carrying few or no identification features. 
Epilobium seeds were present in many samples, especially from Burham where it 
was the dominant taxon in one of the block samples. All of the seeds were 
allochthonous, and while the plant did grow in abundance near to the Burham transects, 
it was 100m plus distant. The seeds of this genus are produced in abundance and are 
aerially dispersed. Large concentrations of the seeds would indicate its presence near to 
the site; however, it is not a reliable indicator of a local presence. 
Lycopus europaeus was another common allochthonous seed type, being present 
in the vegetation of only one sample. Only a few seeds were incorporated at that sample 
point, reflecting perhaps its low productivity and high dispersal potential. The seeds are 
adapted for water dispersal and were found in several samples at Burham, even though 
the plant was absent, presumably as a result of tidal input. Macrofossils of the plant are 
not a reliable indicator of its presence in most settings, even the relatively low-movement 
fens. 
Filipendula ulmaria seeds were present in small numbers usually only near 
vegetation with the taxon in it. They were absent from several samples where the plant 
grew. The seeds are evidently not well dispersed and presence is a reliable indicator of 
the plant in closed fen environments. 
Galium paustre was a sparse but regular element of fen and wet woodland 
vegetation. It was only represented by seeds, and was absent from many samples where 
it was present in the vegetation and present in samples where it was not (Figure 4.77b; 
Table 4.33). The seed assemblages were always depauperate and it was an unreliable 
source of information about the precise vegetation at the point of sampling, although as 
with most seed types was recorded only in its habitat type. 
Lysimachia was only present at Hickling Broad where it was a regular 
vegetation element. It was under-represented in the seed assemblages, being preserved in 
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small numbers and being present in only 50% of the samples in which the plant was 
present. The seeds were fragile and may be prone to decay. Leaves were only present 
where the plant was a dominant taxon and identification was uncertain. This plant is 
under-represented in macrofossil assemblages and small quantities of seed may be used 
to indicate considerable vegetation cover abundance. 
Eupatorium cannabinum seeds were present in several samples in the wet 
woodlands and fens, the plant itself being a common component of both types of 
vegetation, especially on drier peats. Leaves of the plant were only preserved at Hickling, 
where large fragments were present in the peat beneath a dense stand of the plant. 
Otherwise, only seeds were preserved, and surprisingly, given its mode of dispersal, most 
of these were in samples from vegetation with the plant in it. The allochthonous 
specimens were preserved in small numbers and while small numbers were also present in 
the wet-woodland samples where the plant was extant, the autochthonous assemblages 
at Hickling contained large numbers of specimens. The seeds of the plant are aerially 
dispersed and so will turn up as occasional allochthonous inputs; however, large 
quantities almost certainly indicate accurately the presence of the plant at the sample site. 
Peucedarrum palustre was present at Hickling Broad and seeds were present in 
many of the samples where it was in the vegetation. The seeds were always preserved in 
small numbers and are mobile, making the seeds an unreliable indicator of exact sample 
point presence, although a good indicator of nearby presence. Rumex hydrolapathum 
seeds were similar, being well dispersed where identifiable in the marshes. Some 
fragments of Rumex leaf were preserved in the peat where the taxon was present. The 
seeds of Valeriana dioica were preserved in only one sample where the plant grew and 
other specimens were present in non-fen habitats suggesting that the plant is well 
dispersed, but occurrences in fen deposits may indicate the local presence of the plant. 
Urtica dioica was present in only a few sample points as a part of the standing 
vegetation; however, its seeds were quite commonly encountered in all environments. 
Large abundances of seeds were not a good guide to its local presence and are overall a 
poor indicator of its presence. 
4.10.4.5 Therophytes 
Atriplex prostrala was a major component of the vegetation at Burham Marsh 
and a minor component in some areas of Snape. The seeds of the species were not 
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distinguishable from others in the genus. However, the large number of seeds of the 
genus were undoubtedly from the species at both sites. The seeds were present in often 
huge numbers where the plant was growing, but several samples at Burham contained its 
seeds in large numbers when the nearest example of the plant was several metres distant. 
As with other therophytes, the seeds are over-represented in macrofossil assemblages 
and are highly mobile. Rootlets were commonly preserved where the taxon was densely 
growing at Burham, but were absent in samples from areas of sparse growth at Snape. 
Leaves and stems were occasionally preserved, always at the point of plant growth, but 
were a sparse and unreliable source of data. 
Salicornia was present in many of the saltmarsh sites. Only its seeds and stems 
were preserved, the seeds being indistinguishable from those of Sarcocornia. The seeds 
were well dispersed over saltmarshes, although they were usually found at the site of 
plant growth, often in large numbers. Many samples without growth of the plant 
contained the seeds, especially from mudflats adjacent to areas where the plant was 
extant. At Borstal and Angel Marshes, where the plant was present sparsely at some 
distance from the sample locations, the seeds were present in small numbers in numerous 
samples. The seeds are, therefore, well adapted to water dispersal and while a large 
abundance would suggest nearby growth, it may not be relied upon to indicate growth at 
the sample location. The stems were preserved near to the plants and in some abundance 
beneath the growing plants, and fragments of epidermis were also common. As with the 
seeds, however, the stems are mobile in saltmarsh environments, especially pioneer 
stands of vegetation and mudflats. 
Suaeda maritima was present in the lower saltmarsh sites and again its seeds 
were well dispersed across saltmarshes. Less than half the samples from vegetation 
containing the plant contained seeds, although large assemblages tended to be 
accumulated where the plant was growing. The leaves of the taxon were present over a 
wide area at Stonemarsh and, as with Salicornia, presence showed nearby growth of the 
plant but not necessarily at the sample point. 
Spergularia media was present in two sample points; however, the seeds were 
widely dispersed and were commonly present where the plant did not grow. The super- 
abundance of seeds in sample 61 at Snape may be an edge effect, or the seeds may have 
derived from nearby vegetation. The example shows, however, that the abundance of this 
therophyte is no guide to its abundance at a sampling point. 
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4.10.4.6 Climbers 
Two climbers were common in brackish saltmarsh environments and freshwater fens, 
Solanum dulcamara and Calystegia sepium. Both taxa were under-represented, with 
Solanum only represented by seeds. Less than 50% of the samples underlying vegetation 
with the taxon in it contained seeds and always in small numbers. Its seeds were well 
dispersed at Burham, where it was mainly recorded, and there was no quantitative 
difference between the allochthonous and autochthonous assemblages. Calystegia was 
also massively under-represented with seeds present in only 30% of the samples where 
the plant was present in the vegetation. In no case were its seeds found as allochthonous 
elements and while presence of its seeds and capsules would be a reliable indicator of its 
presence in vegetation, absence may be due to taphonomic factors. The under- 
representation of seeds is due, as with Solarrum, to low production, but also the fact that 
the seeds were fragile and tended to collapse and fragment after dispersal. Calystegia 
also contributed capsules and leaf fragments to the assemblages, but again, only where 
the plant was present in the immediate vegetation. Calystegia was a major vegetation 
element and is unlikely to be represented in the seed assemblages, making vegetative 
elements a potentially important source of information. 
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5. Plant macrofossil analysis of alluvial facies from the River Medway, Chatham, 
Kent 
5.1. The site 
Between 1993 and 1995 Canterbury Archaeological Trust and the Geoarchaeological 
Service Facility (GSF) of the Institute of Archaeology, UCL undertook monitoring, 
evaluation, excavation and sampling exercises for Kent County Council (KCC) at the 
construction site of the Medway Road Tunnel, Chatham, Kent (Figure 4.1). The works 
were part of the mitigation strategy negotiated between KCC and the Highways Agency 
to evaluate the damage caused to a deep deposit of Holocene alluvium uncovered at the 
site (Pine et al. 1994; Allen et al. 1995). The project also aimed to provide a record of 
the alluvium and the archaeological features it contained. Of particular interest was the 
excavation of the eastern approach to the Tunnel, an area of 45,000 m2, where Holocene 
sediments filled the former floodplain to a depth of 13m and sealed Pleistocene gravels 
and a chalk bluff, the latter to the east of the site (Figures 5.1 and 5.2). Sediments 
consisted of peat and organic silt units intercalated with deposits of sand and silt. 
Archaeological remains were found within the sediments detailing activity from the 
Mesolithic (ca 7000 BP) to Roman periods. Plant macrofossils were preserved 
throughout the strata (Fairbairn in Pine et al. 1994) and, with other types of biological 
material, provided an unparalleled record of Holocene vegetation and environmental 
change in the Medway valley. 
The analysis of the macrofossil record from the site is detailed here and aimed to 
fulfil the following objectives: 
1. To act as a source for vegetation reconstructions providing: 
a) Palaeohydrological information (water qualities, height etc. ); 
b) Palaeoecological data about specific communities, including: 
i) Floristic information, 
ii) Structural information, 
iii) Information about spatial and diachronous vegetation patterns, 
2. To contribute to interpretations of the depositional environments in which 
sediments accumulated at the site; 
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3. Using 1 and 2 Above, to contribute to the reconstruction of the long-term 
sequences of environmental and vegetation change over the mid- to late- 
Holocene and contribute to the understanding of 
a) Long-term vegetation development, especially the reaction of littoral 
vegetation to sea-level and other changes; 
b) Sea-level changes and changes in the river catchment; 
c) Human impact and influence on environment and vegetation; 
d) The local human environment and availability of resources to human 
communities; 
e) Phases of human occupation at the location. 
The sample set also provided the opportunity to apply and evaluate the macrofossil 
analytical methods discussed above on a real sedimentary example in which a 
characteristically diverse range of sediments, archaeological deposits and practical 
problems were encountered. 
5.2 Stratigraphy and archaeological evidence 
The sampled sediments spanned a depth of between ca. -9.90m Ordnance Datum (OD) 
and ca. +2.50m OD (Figures 5.1 and 5.2). Access to the sediments was restricted by the 
method of construction which involved the cutting of steps and emplacement of sheet 
piling to prevent collapse of the excavation walls. Much of the recording of the 
sediments was in the form of descriptions of the cleaned step and bank surfaces. A series 
of boreholes was used to obtain sediment from areas concealed by the piling and to 
provide a more controlled spatial sequence across the site. Sections were also cut into 
the excavation bank at prescribed points to investigate in detail the main sedimentary 
contacts. They also provided an opportunity for sampling. The sections were determined 
as much by engineering concerns as archaeological concerns and the distribution was 
uneven, being biased towards the upper horizons. A facies sequence was constructed 
using the sum of borehole and section data and is shown in Figure 5.2. 
The earliest geology recorded at the site is a chalk outcrop forming the bedrock 
at the eastern end of the site. Pleistocene gravels formed the earliest deposit uncovered 
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in the deepest part of the tunnel excavation (hereafter the `floodplain') and also formed a 
thin deposit atop the chalk outcrop (hereafter the `clifop'). The upper surface of the 
floodplain gravel terrace lay at approx. -9.90m OD. The higher clifflop gravels and sands 
included an ovate Palaeolithic handaxe, probably redeposited at the site, but indicative of 
Pleistocene human activity in the area. 
The earliest Holocene sediments were confined to the floodplain and were found 
above ca -9.90m OD. Sands with gradually increasing organic content were described 
between -9.90m and ca -9.70m. Increasing organic content was accompanied by 
increasing content of silts and clays dated to ca 6900 BP. A flint blade (Mesolithic type) 
and abundant charcoal were collected from between -9,40m and -9.50m, indicating the 
presence of Mesolithic populations in the area. Above this point, the fine-grained, 
bedded, organic-rich sediments were found giving way at ca -8.80m OD to alternating 
beds of sand and sandy silts containing few visible plant remains. 
A primarily clastic deposit is recorded up to ca -4.00m at which point a 
widespread episode of peat deposition occurred across the site. This has been dated to ca 
4800 BP, a date consistent with the find of a Neolithic-type flint blade in the peat bed 
(Section 15). The peat unit varied in thickness and character over the site. It included 
woody and herbaceous patches, varying locally. Above the peat bed was a band offine- 
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grained silts that extended to ca Om OD where a thin peat accumulated post-dating ca 
3000BP. Above and below this horizon were found spreads of archaeological material 
and individual finds of pottery and flint. These finds were thought to derive mainly from 
cliffrop settlement activity. Permanent settlement was present on the clifftop by the Iron 
Age. This came to an end with the tidal inundation sometime in the Romano-British 
period, as shown by the deposition of laminated sediments and sandy-silts over the site. 
By the eighteenth century, maps show that the area was crossed by a network of ditches 
and walls, probably flood defences and the ditches of tidal grazing marshes prior to the 
expansion of the Royal Dockyard. 
The archaeological evidence from the Chatham Dockyard is fragmentary but 
compelling. It indicated that there was human activity in the area from the beginning of 
Holocene sedimentation. Most Mesolithic and Neolithic finds are single artefacts in fine- 
grained sediments and sands, the presence of which cannot simply be explained by 
natural processes. Mesolithic activity was sparse and probably derived from short-term 
occupation as part of a seasonal round of activity or less-structured foraging and/or 
hunting expeditions. Sparse activity from the Neolithic and Bronze Age is evidenced on 
the floodplain and clifflop, by stray finds of flints on the former and the presence of 
ditches with charcoal-rich fills on the latter. The nature of the clifflop settlement during 
this period is uncertain, but both a domestic and/or ceremonial function could be 
suggested. The evidence was so poor as to prevent confirmation or refutation of either 
possibility. The charcoal-rich fills were dated to between ca 3800 BP and ca 3500 BP 
(Allen et al. 1995). The presence of ditches may indicate that the site was subject to local 
flooding and/or high groundwater at the time of use. In the Iron Age and Romano- 
British period a settlement was established on the clifflop. Accumulation of sediments 
containing plant remains in low-lying areas and hollows on the cliflop indicate that high 
groundwater levels were sustained during the period. 
The sequence at the site was almost totally destroyed by construction work. 
Environmental samples and evidence were recovered from non-contiguous sections that, 
nevertheless, sample the whole 13m sequence, often at several synchronous points. 
Archaeological excavation was limited and poorly funded, but it provided tantalising 
evidence of a long history of human use of and movement over the floodplain and the 
adjacent chalk outcrop. Much of the evidence is ephemeral: individual finds and limited 
spreads of artefacts and charcoal in unpromising floodplain sediments, with limited 
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excavation of ditch segments and truncated features on the chalk cliff. Only the later 
settlement provides extensive evidence of a permanent, human presence. The evidence 
does, however, suggest the use of the river margin, the marshes and mudflats that existed 
at the site for millennia. This record is consistent with the evidence from several river 
margins and floodplains including the Thames, Essex Rivers and Severn Estuary. The 
chalk cliff would have projected above the surrounding land for several millennia and 
commanded a view over the river and surrounding wetlands. Use of this feature may 
have changed over the period that it was above the floodplain and permanent settlement 
can only be verified from the Iron-Age and Romano-British periods. Some ceremonial 
use and temporary settlement should not be ruled out for other periods. 
5.3 Materials and Methods 
5.3.1 Sample framework 
Samples were selected from sections exposed in the Phase I and Phase III works (Pine et 
al. 1994; Allen et al. 1995). They included bulk samples, samples from monoliths and 
specially collected intact sediment blocks. The sample set was selected to investigate the 
macrofossil record in the main organic units identified during fieldwork, the regressive 
and transgressive transitions between clastic and organic sedimentation and areas in 
which human occupation or activity was recorded. The whole project focused mainly on 
the episodes of organic sedimentation, using the philosophy that the peaty horizons 
represented potential stable land-surfaces that could be used as activity areas (Allen et al. 
1995). While some non-peat producing environments may also provide stable surfaces, 
the sample set provided a useful sub-set of the sediments on the site and focused 
attention on the main sedimentary transitions. 
5.3.1.1 Phase I Section 16 
This was the deepest section recorded at the site. It included a sand unit overlying the 
Pleistocene gravel, over which a sequence of laminated silt-clays developed, followed by 
intercalated sands and silts. Assessment showed that the silt-clays contained rich plant 
remain assemblages, including tree leaves (Fairbairn in Pine et at 1994). Samples were 
analysed from Monoliths 1,2,4,6 and blocks I to 10, covering depths from -7.38 to - 
9.90m OD. The top of the basal sand at -9.75m was dated to 6930+- 70BP (see Allen et 
al. 1995) and a flint blade, abundant charcoal and fire-cracked flint were collected from 
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Monolith 9 at between -9.40m and -9.50m corresponding to Plant Macrofossil Block 6 
(Pine et al. 1994,46-47). The main aims in studying plant material from this section were 
to determine the environment of Mesolithic activity and also the environmental, 
vegetation and hydrological changes that occurred during the first phases of Holocene 
sedimentation 
5.3.1.2 Phase I Section 9 
This section sampled the peat lying at -3.50m. All of the samples were collected from a 
block stack between -3.00 and -4.00m. Samples covered the main transitions between 
clastic and organic sedimentation. The peat was humified through most of the profile 
with discrete lenses of silt and fine sand noted at several levels. Small patches of 
laminated sediment with leaf layers were also preserved at several points. The peat at - 
3.50m OD was dated to 4820+-70BP (Allen et al. 1995) and correlates with the organic 
unit sampled in Section 11 (see below) and Section 15, the latter which contained a 
Neolithic flint blade (Allen et al. 1995). 
5.3.1.3 Phase I Section 11 
Section 11 sampled a non-woody organic lens that correlated in height with Section 9. 
Nine samples from Monolith 2 were included in the analysis covering the regressive 
contact from clastic to organic sedimentation and providing data to compare with the 
woody peat in Section 9. No radiocarbon dates are available for this section but 
estimates of between ca 4500 and 5000 BP have been made. 
5.3.1.4 Phase I Section 6 
Section 6 sampled the herbaceous peat at between -0.87m and +0.11m OD. The date on 
the basis of pottery finds is Late Bronze Age and archaeological material including flint, 
pottery and charcoal were abundant in this area below the peat. Samples from Monoliths 
3 and 5 were analysed, Monolith 3 covering the regressive transition from silt to peat 
with Monolith 5 covering the transgressive contact. 
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5.3.1.5 Phase III Trench 7 
The samples analysed in this Trench were contemporary with the period of Iron-Age 
occupation on the cliff-top (Allen et al. 1995). Plant macrofossil Block 1 was subject to 
full analysis. Samples from Block 2, extracted from the same stratum, were scanned and 
found to contain identical macrofossil assemblages, so analysis was not continued and 
restricted to Block 1. The samples cover the heights from +1.25m to +1.09 m and are 
from an organic/peaty silt in a depression overlying Pleistocene sediment. The main focus 
of interest was the local environment of the settlement, especially the hydrology of the 
former cliff-top at this point. 
5.3.1.6 Phase III Trench 6 
The charcoal from four samples used in radiocarbon dating were checked before 
submission to the dating laboratory for the presence of charred seeds and fruits and were 
found to contain identifiable remains. This analysis was brief but provided additional data 
from site contexts about plant use at the sites. 
5.3.2 Sampling 
Bulk sampling homogenises the plant remains from any one stratum, lowering the 
temporal resolution of the resultant analysis. For this reason intact strata were sampled 
from monolith tins or blocks wherever possible, providing macrofossils from exact 
depths and providing a detailed sample set in which precise relative positions were 
known. The sample size was standardised at approximately 50 cm3, being extracted as 
blocks 5cm x 5cm in area and 2cm in depth from the large sediment blocks and 
monoliths. This size was selected because the seed concentration was found to be 
adequate in exploratory work and the quantity of non-seed material was not too large to 
be analysed. Compaction of sediments evidently increased the concentration of 
macrofossils in ancient sediments compared to the uncompacted sediments sampled in 
modern alluvial environments. Sample intervals varied from 2cm to 8 cm depending on 
the nature of the sediment and sediment availability, as some monoliths had been 
extensively sampled for several types of palaeoenvironmental investigation. 
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5.3.3 Sample preparation 
Sub-samples were described on the basis of visual appearance using Troels-Smith 
terminology and then were wet-sieved on a 125µm mesh. Some samples were pre- 
treated using a deflocculant (Calgon) and left to soak for periods of between one day and 
three weeks before sieving. The retained residue was stored in 70% industrial methylated 
spirit (IMS) prior to analysis to prevent decay. 
5.3.4 Recording and identification 
Seeds were counted and non-seed material was recorded using the cover abundance 
method described in Chapter 3. The Dicotyledon leaves proved difficult to identify and 
only in several cases in Section 16 were convincing and thorough identifications possible. 
The methods and identification criteria outlined in Chapter 3 and the manuals discussed 
in Chapter 2 were used for identification of the macrofossils. Identification of seeds was 
confirmed using the seed reference collections of the Institute of Archaeology, University 
College London. Identification was carried out using a dissecting microscope of up to 
50x magnification and a transmitted light microscope of up to x1000 magnification, the 
latter for non-seed material and small seeds, such as those of Junc7us spp.. Bud-scales 
were cleared with a 2% solution of bleach and identified using a high-powered dissecting 
microscope with reference to Tomlinson (1985). 
5.4 Results 
5.4.1 Range of preserved macrofossils 
The identified macrofossils from the samples are presented in Tables 5.1,5.3,5.5,5.7 
and 5.9. Seeds, fruits, endocarps and bracts of a large number of species were identified 
in the samples from wet woodland, herbaceous fen, aquatic, saltmarsh, dry woodland, 
grassland and ruderal habitats. Seed preservation was typically good and most specimens 
retained testae intact, allowing genus- and species-level identification in many cases. 
Only in some of the sand and silt units were seeds badly preserved, especially in Sections 
11 and 16. Sporangia and oospores from Filicales and Characeae species were also 
recorded, although higher level identification was not attempted for these species. 
Preservation of non-seed macrofossils varied in the sample set. Sandy units and 
most of those in the upper part of the sequence sampled in Section 16 were highly 
fragmented. Vegetative remains dominated the assemblages, with the exception of the 
343 
woody peat in Section 9. Preservation in the peat units varied, the best-preserved 
vegetative remains coming from sections 6 and 11. 
The organic silt in Section 16 contained beds of very well preserved Dicotyledon 
leaf fragments and Monocotyledon vegetative tissues. Leaves from several taxa were 
identified including Alnus glutinosa, Salix sp., Quercus sp. and Poaceae. Only fragments 
of these leaves with unambiguous preserved features were recorded as deriving from 
those taxa. Among useful characteristics in the tree leaves were the trichomes and 
margins of Alints, venation, stomatal apparatus and margin of Salix and the trichomes, 
venation, shape and fimbrial vein in Quercus. Surprisingly, trichomes were commonly 
preserved on some of the ancient leaf fragments, although damage was common and 
preservation was best on lamina near the central veins, a relatively sheltered part of the 
leaf. Poaceae leaves and epidermal fragments were commonly preserved, with those of 
Phragmites being identified in several samples. Phragmites stem and rhizome fragments 
were also identified in several of the sections, among a larger assemblage of Poaceae 
remains identified only to the family level. 
Other herbaceous stem and leaf remains included pinnules from an indeterminate 
fern and Pleridium aquilinum, the latter readily identifiable by the marginal indusium (see 
Chapter 3). Epidermis fragments from Poaceae, Cyperaceae and Juncus spp. were 
identified, although most fragments were small and lacked hairs and crystals. Higher level 
identifications were, therefore, difficult and epidermis could have come from either aerial 
stem or leaves. Cyperaceae and Juncus-type rootlets were found in many contexts with 
unidentifiable Types 1 and 2 also present, the former being common. Budscales were 
identified from six arboreal taxa and analysis proved to be simple and rapid. Clearing 
using sodium hydroxide and bleach followed by multiple washes of distilled water was 
possible on the slide. Many scales remained unidentifiable. 
Many other non-seed remains were identified only as a macrofossil class, 
including moss, wood, bark, twig and woody root remains. Mineralised root casts were 
present in the basal sand of Section 16. These appeared as obvious vertical channels 
during Block sample preparation work and proved to be sediment-filled root casts. 
Unidentifiable matter and unidentifiable vegetative remains were common and often 
contributed a major component to many samples, especially the peat units and the 
samples from Section 16. Thorns were occasionally preserved, although they were 
unidentifiable. One interesting category of finds were the anthers seen in several samples. 
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These were the only floral elements (as opposed to seed/fruit/bract remains) identified in 
the assemblages. 
Charred remains were preserved in samples from Section 16, Section 6 and 
samples from Phase III Trench 6. Those from the floodplain sections included well 
preserved cereal awn and culm fragments in Section 6 and hazelnut shell and sloe 
endocarp fragments from Section 16. These were present in tiny quantities; however, 
wood charcoal fragments were common in many of the samples from the earliest 
episodes of deposition at the site. The remains were well preserved, probably because of 
stable waterlogging in the sediments. A number of charred plant remains were collected 
from the drainage ditches around the Iron Age and Romano-British settlement sampled 
in Phase III Trench 6. Although the assemblages were of low abundance, a surprising 
diversity of taxa was identified, including spelt and macaroni wheat chaff, barley and oat 
grains and the seeds of several weedy taxa including knotweed and goosefoot (Table 
5.11). 
5.4.2 Phase I, Section 16 
5.4.2.1 Identified taxa (Table 5.1) 
Woody components were preserved in small quantities throughout the samples from this 
section. In the basal sands only unidentifiable fragments were distinguishable and may 
have derived from stem or root tissues. Twiggy material was preserved in the upper part 
of the sand unit with twigs and wood fragments being more abundant and constantly 
present above -9.36m. Samples between -8.90 and -9.36m OD had a distinctive 
composition, containing a large quantity of bedded fragmentary Dicotyledon leaves, 
among them Alnus, Salix and Quercus, which were preserved in large quantities and 
even dominated the cover abundance values in some samples. Alder was well 
represented; however, oak leaves were also common and dominated one sample 
assemblage. Although many Dicotyledon leaves were identified, much of the preserved 
leaf material was beyond identification. Above and below these depths, Dicotyledon leaf 
fragments were sparse and poorly preserved, only rarely being identifiable. Pteridium 
aquilinum pinnules were present in one sample. 
Mineralised roots were present throughout the basal sand, waterlogged 
herbaceous roots becoming abundant between -9.36m and -8.90m OD. Most rootlets 
were in the indeterminate Type 1 group, probably deriving from a Poaceae species such 
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as common reed (Phragmites australis). Cyperaceae rootlets were also identified in a 
limited range of samples, especially in the samples from Monolith 6 at the junction of the 
organic-rich and inorganic strata. Monocotyledon stem, leaf and epidermis remains were 
usually preserved in small quantities, and assemblages were dominated by Poaceae 
remains, especially Phragmites australis, which were a major component of the organic 
section at the top of the block sample sequence. 
Charcoal was present in samples from the basal sand (below -9.36m) to the upper 
units sampled in Monolith 1. Most cover abundance values were small, although large 
concentrations were noted in some of the Monolith samples and in large quantities 
between -9.40m and -9.60m. Most of the charred matter was indistinct or wood, 
although the latter concentration included a piece of charred plum-stone and charred 
hazelnut fragment. This concentration is almost certainly part of the charcoal recorded in 
the section during fieldwork and is from a similar height to the Mesolithic blade 
discussed in previous sections. 
A variety of seeds, bracts and scales was preserved in the samples. Seed 
concentration figures are shown in Figure 5.4. Distinctive trends were noted in the 
assemblages, with samples below -9.36m (below sample16033) containing assemblages 
of low abundance and diversity. Between -9.36m and -8.85m seed concentration and 
diversity increased markedly, although figures did vary considerably. Between -8.85m 
and -8.54m the abundance and diversity was low, with the latter increasing markedly 
above -8.54m. The seed assemblage in the latter group was often very diverse and 
contained many taxa from a variety of habitats. 
Wetland trees were well represented by the seeds, cones, bracteoles and bud- 
scales of alder (Alnus glutinosa) and the buds of willow (Salix). Both of these taxa were 
also recorded in the leaf assemblages, and peak values of all macrofossils from these taxa 
were most abundant between -9.36m and -8.85m. Aquatic taxa were confined to the 
strata from the upper levels of the Block samples and were abundant between -8.96m 
and 9.20m. Seeds of starwort (Callitriche sp. ) were abundant in the leaf beds, being less 
abundant in the overlying silts and sands. Open marsh, riparian and mire taxa were 
abundant throughout, with the exception of the basal sand deposits. Only celery-leaved 
buttercup (Raminculus sceleratus) attained high abundance and fluctuations in its 
abundance were similar to that of starwort. Shaded mire taxa were restricted to the sands 
above -8.85m with wood clubrush (Scirpus sylvaticus) occasionally present. Saltmarsh 
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taxa were preserved above -8.74m, the lowest specimens being a Salicornia seed. Above 
that an increasing number and diversity of saltmarsh taxa were preserved in mixtures 
with freshwater aquatic and terrestrial taxa. 
Dryland trees and shrubs were well represented in the assemblages of seeds and 
buds, including oak (Quercus), birch (Betula) and hazel (Corylus) as well as scrub taxa 
including elder (Sambucus), sloe (Prunus spinosa) and bramble (Rubus fruticosus). Elder 
was one of the only seed types to be preserved in the basal sand and the other tree and 
shrub species were distributed throughout the higher sediments. Quercus was also 
present in the leaf assemblages. Bud-scales were present throughout the sample set, often 
appearing in large numbers, especially in the samples between -9.36m and -8.85m OD. 
In fact, they were well represented as a whole in most of the samples, even when overall 
seed and bud abundance was low. Grassland, wayside and agricultural indicators were 
sparsely represented and those taxa identified from these habitat groups may have 
derived from natural marsh or riparian floras. 
5.4.2.2 Analysis 
Correspondence analysis results are shown in Figures 5.5 and 5.6. There was 
considerable overlap in sample composition and there was no simple pattern of 
variability. 
CA of the combined seed and non-seed data (Figure 5.5) divided the samples into 
four broad groups. The variability shown on the diagram accounted for only 34% of that 
in the sample set, showing the weakness of the quantitative analysis. Variability along the 
first and second axes was similar at 19% and 15% respectively. The saltmarsh taxa, 
indeterminate components and those from the Monocotyledons were the main influences 
along the positive side of the first axis, with the alder and other arboreal elements and 
many aquatic seeds, including Ranunculus sceleratus and the Alismataceae. The second 
axis opposed many of the aquatic and saltmarsh seeds with the Dicotyledon leaves, many 
of the arboreal seeds, mineralised roots and most of the indeterminate categories. The 
major split was between the samples from the central part of the sequence (samples 
16033 to the lowest sample in M6) and the rest. The latter contained the lowest quantity 
of plant matter and the former contained abundant macrofossils. The only samples in this 
group to show any quantitative variation from the main group were samples 16033 and 
16050, both on the fringes of the main sample group and characterised by a lack of 
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Dicotyledon leaves. The samples from beyond this group were split into two groups 
along the second axis, the upper group containing most of the lower Block samples and 
the lower (negative side of the second axis) containing the Monolith samples. The main 
split was in the quantity of mineralised and indeterminate remains and in the 
representation of saltmarsh taxa in the lower group. 
A further CA was performed on only the non-seed data, because the seed 
assemblages were small and potentially unrepresentative (Figure 5.6). The division 
between the samples was very similar, although the lowest samples were much better 
divided along the second axis from the sample group and the samples from the lower 
Blocks and the Monoliths were less well separated. The central Block sample group 
(samples above 16033) were well separated, although the lowest M6 sample was merged 
with the other Monolith samples. This suggests that this sample mainly varies in terms of 
its seed assemblage from the other Monolith samples. It also shows that the sample is not 
only transitional in position between the central sample group and the Monoliths, but is 
also transitional in composition. This analysis separated the samples from between 16029 
and 16025 that had a very mixed composition. 
Quantitative analysis only weakly divided the samples, although the divisions 
were consistent with the main sedimentary changes. A combination of these results with 
consideration of the sediments allowed separation of the samples into eight groups 
(Table 5.2). 
5.4.2.3 Interpretation 
The macrofossils in Groups A and B are probably intrusive and derive from the 
penetration of roots and rhizomes into the sediments from later vegetation growth. The 
plant macrofossil preservation and sediments would be consistent with deposition in 
natural levee or channel bank environments in which the accumulating surface is above 
groundwater levels. Anaerobic conditions reduce the potential for macrofossil 
preservation and mineralisation of root casts has been recorded in modern analogue 
environments (Scheihing and Pfefferkorn 1984). The general increase in finer particles 
and organic preservation towards the top of this group can be explained by the 
combination of reducing energy in the depositional system and the onset of permanent 
higher water levels at the site. 
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The few seeds and fruits are likely to be autochthonous, although they are of little 
interpretative value being from elder (Sambucus nigra), a taxon that produces very 
tough seeds that are both preferentially preserved and well dispersed. Charcoal 
concentrations in the upper sand unit are most likely explained as the result of human 
activity, coming from a similar level to that of the worked flint. The finds include a sloe 
stone and hazelnut shell fragments and were from a section of the strata that contained a 
considerable quantity of charcoal. These finds are few, but again support the 
interpretation of local Mesolithic activity. The finds may have derived from riverbank 
campsites beneath the chalk bluff and the charred plant remains may suggest the local 
exploitation of woodland resources, a pattern common in this period (Zvelebil 1994). 
The status of the charred potential foods is uncertain, and similar remains could be 
generated by clearance activity. 
Group C samples straddle the divide between the sterile sands at the base of the 
site and the organic-rich silts above. Samples 16029 and 16028 are from the uppermost 
sand unit that changes rather abruptly into the sand-silts sampled in 16025 - 16027. 
These samples formed a loose grouping on the CA plots. Organic incorporation was 
much higher in the sand-silt samples that the silt-sands, although it was still much lower 
than the Basal Silt and Organic Silt units above. 16029 and 16028 were notable for being 
the lowest samples with high rootlet values and preservation of larger macrofossil 
fragments. These and the other samples in the group contained the seeds of a range of 
riparian and marsh taxa and the preservation of rootlets suggests the presence of a marsh 
at the site. The only identifiable vegetative remains were those of Phragmites suggesting 
that the plant was a local vegetation component at the time. The seeds are few in number 
but all are from plants of freshwater wetlands and river banks. Most are mobile and so 
may have derived from a wide area, reducing the spatial precision of the information 
attainable from the assemblages. The low numbers also mean that the assemblages may 
not be representative. Presence of Sambucus may again be misleading. Although the 
seeds of freshwater taxa were preserved in modern saltmarsh sediments, the seed rain at 
most sites was overwhelmingly dominated by saltmarsh taxa and the quantity of 
incorporated allochthonous seeds, even in mobile environments, was minimal. Applying 
this argument to open freshwater environments, none of which was found in the modern 
sites, would suggest that the interpretation of a freshwater environment is secure. 
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Sample 16033 had a unique composition and sediment profile, having the highest 
LOI figure (Figure 5.3) and containing mainly vegetative macrofossils, especially rootlets 
and the leaves and stems of Phragmites. The seed assemblage was similar to that 
immediately above, containing many tree species with a mixture of riparian taxa, 
although unlike those it lacked the seeds of numerous aquatic taxa. The presence of 
Phragmites vegetative remains in such abundance, especially the leaves that form a mat 
at the sediment surface, and the high rootlet count suggest that the site was home to a 
reed-bed or swamp. Good preservation of roots and Phragmites leaves attests to high 
sediment water levels during the period of deposition. Wood, bud and bark remains in 
the sample suggest the growth ofAlnus and perhaps other trees at the site or on slightly 
higher ground next to the cliff. Although many of the seeds of the identified taxa are well 
dispersed, the abundance of freshwater taxa and lack of saltmarsh in this depositional 
environment suggests that the site was home to a reedbed with associated freshwater 
herbs. The abundance of Mentha seeds suggests that the plant may have been locally 
abundant. The local growth of Almas is a new feature in this sample and is suggested by 
the large number of bracts, cones and buds. Interestingly, the seed concentration in the 
samples from Groups C and D was low, and while the overall characteristics of the seed 
assemblage in sample 16033 is similar to those above it, the concentration is lower 
overall and when comparing the same species. This may indicate a decreasing 
sedimentation rate. 
Sample Group E were the most distinctive on the site, consisting of leaf beds, 
abundant rootlets, abundant aquatic seeds, high wood and wetland tree representation 
and a good overall preservation of vegetative remains. The seed assemblages in the 
group were dominated by the seeds of Callitriche stagnalis and Ranunculus sceleratus, 
the former an aquatic and the latter characteristic of muddy banks. The vast quantities of 
seeds preserved in the sediments suggests that the area supported populations of both 
taxa. R sceleratus cannot survive in permanently inundated areas and thus its presence 
conflicts with the presence of Callitriche, the laminated sediments and the bedded leaves, 
all support the suggestion of local standing water. Preservation of such large quantities 
of tree leaves indicates that the remains were covered with sediment rapidly, were not 
broken up by fast-moving water or extensive vegetation growth at the site of deposition 
and that waterlogging was maintained permanently from the point of deposition 
onwards. The presence of considerable surface water is beyond doubt at the sample 
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point, and while not necessarily continuous, would have been visible as pools throughout 
the year. The balance of data suggests that R. sceleratus seeds may be allochthonous, 
deriving from nearby raised banks, or that the landscape was undulating with different 
plants occupying the slightly differing topography. The clastic nature of the sediments 
indicates that there were external inputs, probably from overbank flooding or overland 
water flows, that were deposited into the site. Many seeds in the assemblages were 
probably allochthonous. However, the most abundant are unlikely to be so and the 
physical environment indicated by the sediments and leaf preservation would be 
favourable for growth of the identified species. 
The riparian taxa may have been derived from the local flora or, with many 
having well dispersed seeds, may have grown further up the river catchment. The 
presence of vegetative Monocotyledon remains suggests local non-arboreal vegetation, 
probably Phragmites, represented in the leaf assemblages but represented only rarely in 
the seed assemblages. A wide variety of tree and shrub taxa was present in both the seed 
and leaf assemblages, their remains deriving from vegetation growing at the site or from 
overhanging vegetation living on the still exposed areas of the riverbank, levee or on the 
chalk cliff. Alnus is the most visible species and the presence of buds, scales and leaves 
are an unequivocal indicator of local growth. The twigs are also an indictor of local 
arboreal growth and some fallen Alnus trunks also support this interpretation. The other 
taxa are, in this low-energy environment, likely to have also been present at the site, 
either in the swampy conditions of the marsh (Salix) or along the drier fringes (Quercus 
and Prunus). 
The macrofossils and sediments in Group E are unique in my experience and 
provide a potentially non-analogue environment. The presence of continuous standing 
water is intriguing and suggests the presence of a widespread backswamp. The leaf beds 
were not continuous in the sediments and appeared as patches among more homogenised 
sediments. These sediments may be the indicator of the undulating landscape suggested 
above. The environment seems to have been entirely freshwater. The site may have 
contained standing Almis forming a partially closed canopy. If the modern data are 
accurate and shade does suppress seed production in Phragmites, the presence of very 
few seeds and vegetative remains may indicate that the site was shaded. An alternative is 
that the woodland vegetation formed a fringe along the drier riverbank. One of the 
curious characteristics of this facies is the long period of its deposition and the apparent 
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contradiction of high sediment input, lack of peat formation, apparent dominance of 
woodland vegetation and the high visibility of aquatics. The pattern of sedimentation 
within the longer sequence does not conform to any established Northern temperate 
model of channel infill or backswamp development. The depth of sediments indicates that 
the environment persisted for some time and that high water and sedimentation kept pace 
with each other. 
Sample Group F lies above the laminated clay-silts and contained samples with 
similar composition to those below, but with a much lower abundance of less well 
preserved leaves, a higher abundance of Phragmites components and a depression in 
Ranunculus sceleratus seeds. Remains from arboreal taxa continued throughout the 
period of deposition, indicating the maintenance of tree-cover at or near the site. An 
increase in the diversity of the samples is notable here and the sediments were not 
laminated, being more homogenised. These changes are consistent with the development 
of a more reed-rich environment and a reduction in standing water, although there was 
still high groundwater. R. sceleratus is not successful in closed vegetation and the 
disappearance of this species adds further support to the idea of the development of reed 
vegetation. The lack of leaves and aerial tree-remains may reflect the change in 
depositional environment rather than the vegetation at the site, and the tree canopy may 
have remained intact, at least partially. 
Sample composition changed radically above -8.74m, with a marked decrease in 
the overall quantity of preserved plant macrofossils, a decrease in fragment size and a 
continuation of the low seed abundance. A single sample at -8.74m contained a few 
seeds, was dominated by rootlets, contained Phragmiles vegetative remains and a 
relatively small quantity of seeds. The assemblage is consistent with deposition in a 
marsh habitat or within tidal mudflats at a marsh fringe. The presence of rootlets in such 
large quantities would suggest local vegetation growth. The seed and non-seed 
assemblages included reed, reed canary grass and Typha seeds. Also present was a seed 
of Salicornia indicating tidal influence and the presence of saltmarsh vegetation in the 
catchment. The deposition would be consistent with a tidal reedbed, the freshwater taxa 
coming from tidal or aerial dispersal. 
Above -8.64m OD the samples were characterised by an increasing abundance 
and diversity of macrofossils, including many more halophytes, and a decrease in organic 
incorporation. The sediments consisted of alternate bands of clay and sand-rich units. 
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The overall preservation in all of the samples was poor, the non-seed remains being 
especially degraded. The assemblages are consistent with deposition in mudflats and a 
high biological turnover causing physical erosion of the plants entering the sediments 
mixed with high diversity and low overall macrofossil abundance. The mixture of 
freshwater and saline taxa in these samples confirms that the area at this time was under 
estuarine sedimentation conditions. The seed and fruit assemblages include both 
autochthonous and allochthonous taxa and so provide a sample of the vegetation along 
the river and in the surrounding dryland. Wet woodlands, or fringing arboreal vegetation, 
is well represented as are the riparian and marsh floras and representatives of each are 
present throughout the period of deposition. Most of the dryland taxa are trees and 
shrubs, with occasional open ground taxa possibly from glades of grassland on heavy, 
low-lying land. In comparison to the dryland taxa identified in samples higher up the 
sequence, the predominance of trees and shrubs may indicate that the area was still 
wooded throughout the period of sediment accumulation. 
The environmental and vegetation sequence in Section 16 can be summarised as 
follows: 
1) Deposition in a levee or riverbank environment at ca 6900 BP. Local vegetation 
unknown. Human activity with exploitation of woodland plant resources. Slowing 
depositional conditions towards the top of Group B. 
2) Slowing water movement at the site and development of a freshwater wetland with 
reeds. 
3) Inundation of the site as water-levels at the site increase. Invasion of the site by wet- 
woodland taxa and deposition of sediment in an environment in which there was often 
standing water allowing the preservation of leaves. Open vegetation in muddy 
conditions nearby. Perhaps the presence of a backswamp. 
4) Transition to more open conditions and/or loss of standing water. Development of 
reed vegetation and crowding out of Ranunculus sceleralus. 
5) Development of reedbed vegetation, loss of arboreal taxa at the site, although 
maintained nearby. Onset of tidal conditions. 
6) Estuarine conditions persist with continuing deposition of sediment in mudflats with 
fringing saltmarsh. A developed freshwater riparian flora persists upstream and 
wooded conditions continue on land around the sample site. 
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5.4.3 Section 9 
5.4.3.1 Macrofossil preservation (Table 5.3) 
With the exception of samples 9035 and 9037, woody remains were dominant in the 
assemblages, although they were commonly poorly preserved and highly fragmented. 
Vegetative remains were very abundant, especially rootlets, although many were 
unidentifiable. Cyperaceae types were preserved as were Type 1 roots. Cyperaceae, 
Phragmites and Poaceae type stems and leaves were identified, the former only in the 
lowest two samples. Dicotyledon leaves, including Almas fragments were preserved, 
although many remained unidentified. 
Seed assemblages were dominated by seeds, bracts, cones and bracteoles of 
Alder (Alnus glutinosa) and fern sporangia, both confined mainly to the peat samples. A 
willow budscale was also identified in the peat unit. Freshwater taxa included aquatic 
species such as starwort (Callitriche stagnalis). Wetland and riparian taxa included 
bittersweet (Solarrum dulcamara) identified only in the non-peat units. Other taxa 
included reed (Phragmites australis) and brooklime (Samolus valerandi). Seablite 
(Suaeda maritima) was identified in the sample immediately below the peat unit in 
association with Scirpus maritimus. Dryland remains included tree and shrub species, 
such as oak (Quercus) and birch (Betula sp. ) identified in some abundance in the peat as 
bud-scales. The only herbaceous dryland taxon in the samples was great plantain 
(Plantago major). The overall seed and species concentrations are shown in Figure 5.7. 
The highest values were from the peat samples 9014 and 9018, with the two lowest peat 
samples having intermediate values between those from the upper peat and the basal silt 
(9035 and 9037). The values in 9014 and 9018 were inflated by the vast quantity of 
Filicales sporangia present in the assemblages. However, the pattern was similar when 
these macrofossils were removed from the seed sum. 
5.4.3.2 Analysis 
A CA of the combined seed and non-seed data is shown in Figure 5.8. The samples were 
split into three broad groups, most of the separation being along the first axis. At the 
positive end of the axis were samples 9035 and 9037, the main components of variation 
being the Cyperaceae and Phragmites remains, the saltmarsh seeds and the type 1 
rootlets. The peat samples were grouped at or towards the negative end, the main 
influences being the woodland and woody components. In between the two main groups 
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SempleNe 9003 9014 9018 9026 9031 9035 9037 
TrocWtalth 'Ih1711ShIAg 1 ThIT1ISh 71iIT11Sh1A Th2ShlAg1 ShZlbIAgl As3Ag1Dh+0 Aa3AglDh+O 
lAgl gl 71+ eun+ min+ 
Block Depth 4-6cm 26.28an 34-36an 50.52an 60.61an 65-67an 69.71cm 
Depth O. D. (m) -3.14 -3.36 -3.44 -3.60 -3.70 "3.73 -3.79 
Taxo&coenponeut 
1. Wetland trees. 
Abrus ghrnnom seed 43 127 153 164 7 
Alms Slutbwsa bnwteole 31 111 25 11 
Abrao glutinom cones 6 7 7 3 2 
Anus gh tbtom budscale 6 10 
Salti sp. budscale I 
2. Submerged and floating aquatics. 
Callidides tagnalt seed 62 1 
ct Cleats rboao seed 7 2 
Mmymedhesv oliotaseed 1 
3. Emergent aquatics. 
Typha sp. seed 4 
4. Herb. riparian, mire and wars4 open 
Caltha palauM: seed 3 
Cares sp. need 1 1 7 3 
Eupatoraae emmabumm seed 1 1 1 2 
Lydini, Jlos. cucult seed 1 
Pkragmins aaemlis seed 2 4 3 3 S 
Ronrnculas xJeronu seed 3 
Samobls valeraedt seed 60 
Sala um dulcmnata seed 17 10 1 
Vrtim diotea seed 6 102 42 18 
6. Saltmarsb tau 
Swede sp. seed 6 
Botboschomuswaritirws seed 4 7 
7. Dryland trees, shrubs and woody tun 
Bstula sp, budscale 2 2 
Rosa"" budscale 3 
Rubusfvdmausseed 10 5 
Qamw sp. budscale 47 2 
Taus baceato seed 
8. Ferns. 
Filicales sporangia 824 900 120 120 
11. Wayside and wasteland. 
Plantagomglorseed 1 
12. Indeterminate. 
Apiaoeae seed l 9 3 
ChsaopodtmA riplss sp. seed I l 
Mavha sp. wed 2 
Polygon. sp. seed 1 l 
Rmaas sp. seed 1 
Stellarla ap. seed I 
indd need 3 23 6 10 3 5 1 
findetbudscde 14 
SampleNe 9003 9014 9018 9026 9031 9035 9037 
B. Nou"seed maceefossüa 
Cype aaeae stem 6 3 
Cyperaceac, Type roots 67 61 
Phragrmtes msnnlis Stem 10 6 
Phraenitu amtmlr Leaf 35 8 2 9 17 7 11 
CC Phrag etas austmlts rhizome 6 
Poaceae leaf 
of Abeu r glunno, e leaf I 1 
Dicot leaf 1 2 
Wood 29 33 28 28 29 1 
Twigs 3 11 7 14 
Bark 13 11 12 2 1 
Moncotyleon rhizome 4 
Rootlets Type 1 8 Id 
Indeterminate roots 17 29 47 35 43 
Woody mots 3 2 1 
Seeds 2 2 1 1 
Thom 
Buds/scales I l 
Moss 
Inder vegetative matter 
leidet plant matter 2 1 
SampleNI. 9003 9014 9018 9026 9031 9035 9037 
Seed Abundance 82 1201 1288 383 163 36 12 
Seed abundance minus FWeakr 82 377 388 263 45 36 12 
Species diversity 8 17 9 10 3 6 4 
Seed concentration 164 2402 23.76 7.66 3.3 0.72 0.24 
Seed concentration minus Fijitales 1.64 7.34 7.76 5.26 09 0.72 0.24 
Species concentration 0.16 0.34 0.18 0.2 0.1 0.12 0.08 
Table 5.3 Medway Tunnel Section 9 macrofossil records 
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Figure 5.8 Medway Tunnel Section 9 CA of all macrofossil data 
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was sample 9003 from the organic-rich silts in the upper part of the section. Interestingly 
samples 9014,9018,9026 and 9031 are arranged in correct order along the first axis 
showing an increase in the positive components and decrease in the negative components 
towards the base of the peat. At this point the LOI figures should be noted (Figure 5.9). 
The trend is marked by a rapid increase in the organic content at sample 9031 and slow 
reduction to former levels of approximately 10% at the top of the section in the silty peat 
of 9003. 
The CA and consideration of the sediments allows the division of the samples 
into three groups (Table 5.4). Decay in the sample block and compaction of the 
sediments meant that only a selection of the samples could be analysed. Description of 
the whole blocks and preliminary analysis of some of the intermediate samples suggested 
that the abrupt change between samples 9031 and 9035 was a real change and not simply 
an artefact of widely spaced samples. Similarly, the changes in the peat and the upper 
organic silt shown here are part of a gradual change in that unit from peat to silt. 
Group Samples Depth Sediment Macrofossils 
A 9035 to 9037 -3.81mto-3.75m organic clay Seeds depauperate but include saltmarsh taxa. Non-seed 
herbaceous dominated by Cyperaceae and Phargmltes 
B 9031to 9014 -3.72m to -3.36m woody peat Woody peat with constant Phrogmites presence. Poor 
preservation and constant Dicotyledon leaves. Seeds 
dominated by arboreal components and Urtica. Sporangia 
present in large quantities 
C 9003 to 9006 -3.14m organic silt Seed assemblages have lower arboreal component and mainly 
riparian taxa. No sporangia. Mainly woody non-seed 
components, but large quantity ofPhragmites remains 
Table 5.4 Medway Tunnel Section 9 sample groups 
5.4.3.3 Interpretation 
Group A contained no tree species or woody remains at all, the assemblages being 
dominated by Poaceae leaf fragments and Cyperaceae rootlets. Preservation was good 
and suggests deposition in an environment with high water levels. The finds are 
consistent with the deposition of macrofossils in a vegetated marsh, possibly dominated 
by clubrush (Scirpus maritimus) and reed (Phragmites australis), both of which were 
found in the sediments and the latter in the vegetative remains. The presence of Scirpus 
maritimus and the seeds of seablite (Suaeda) indicate that the environment was tidal. 
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The transition from organic silt dominated by herbaceous remains to woody peat 
was rapid. A preliminary analysis of the samples between 9031 and 9035 showed that the 
samples were dominated by Phragmites vegetative remains. In Group B the mixture of 
arboreal, Phragmites and various herbs, including Filicales species is consistent with 
deposition in a closed canopy wet-woodland with a mixed groundstorey of sedges, reeds 
and ferns intermixed with Dicotyledon herbs. The lack of Cyperaceae vegetative remains 
would suggest that sedges were not the major groundstorey element. The presence of the 
budscales of dryland trees, especially Quercus, would indicate the close proximity of 
these species. These could only persist on high ground or dry areas of the mire. Nettle 
seeds (Urtica dioica) were ubiquitous in these samples and are consistent with the 
presence of drying and decay in the peat. This is also supported by the poor state of the 
wood and vegetative tissues. 
The high silt content in the samples from Group B suggests a constant input of 
sediment from low-energy floodwaters and some of the seeds are almost certainly from 
this source. An increase in sediment input towards the top of the peat is shown in the 
LOI figures and the diverse assemblage of seeds in sample 9014 may be consistent with 
increased floodwater influence. An alternative interpretation is that the canopy of the wet 
woodland was beginning to open up with higher water levels allowing ragged robin 
(Lychnis flos-cuculi), celery-leaved buttercup (Ranunculus sceleratus) and brooklime 
(Samolus valerandi) to flower and set seed. 
The single sample of Group C showed a decrease in the number of alder seeds 
and fruits and woody components and a relative rise in Phragmites remains, although 
overall macrofossil incorporation was lower in this sample than in those below it. This 
may be due to higher sedimentation rates. It is uncertain if the wood present in this 
sample is from trees growing at the time of sedimentation or derived from the decaying 
trunks and branches of the earlier flora. The presence of Plantago major and a wider 
variety of tree species may be due to increased allochthonous inputs from flood 
inundation. This final sample in the stack continues the overall trend to increased clastic 
sedimentation and possibly a more open flora, in which the seeds and fruits of the tree 
species decline. The uppermost samples indicate increasing inundation of an open marshy 
habitat dominated by herbaceous taxa, including reed. Groups B and C contained no 
saltmarsh taxa and the whole upper sequence represents a sequence of freshwater 
environments. 
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The sequence of events can be summarised as follows: 
1) Deposition in an estuarine marsh environment on the floodplain or riverbank with 
rapid sedimentation and high water levels. Mixed Scirpus and Phragmites vegetation 
giving way to Phragmites dominated marsh. 
2) Rapid development of an alder carr with lowering water levels, isolation of the area 
from tidal influence and greater influence of groundwater on sedimentation and 
vegetation. Freshwater conditions persist and a closed canopy alder woodland is 
established by ca 4800 BP. The mire has a mixture of pools as shown by aquatic taxa 
and dry areas in which otherwise dryland trees and nitrophilous Urtica are established. 
3) Increasing sediment inputs are caused by continued rises in the water-table and 
flooding, causing increased allochthonous inputs and/or opening of the canopy. 
Eventual development of a herbaceous wetland, possibly a reedbed, and opening of 
the tree cover. 
5.4.4 Section 11 
5.4.4.1 Macrofossil preservation (Table 5.5) 
Woody remains, including twigs, bark and wood fragments, were restricted to the upper 
three samples in section 11, especially the highest sample where they were associated 
with tree seeds and bracts. The lowest samples contained little plant matter and there was 
a general increase in the overall quantity of macrofossil remains upward through the 
profile as reflected in the LOI figures (Figure 5.10). Rootlets were preserved throughout 
the sediments, with the silts containing abundant Cyperaceae rootlets. Monocotyledon 
stem fragments, rhizome fragments and leaves were recorded sporadically in the silts and 
small fragments of leaves from Betulaceae species were present in both silts and peats. 
Seed abundance was highest in sample 11001. The peat samples contained a 
variable seed concentration, with 11001 and 11003 having considerably higher 
seed/sporangia concentrations than the silt samples (Figure 5.11). These samples also 
contained much higher species concentrations than the silts. Numerous seeds, bracteoles, 
bracts and budscales ofAlmis were preserved in the uppermost peat sample. This sample 
also contained, as with the other two peat samples, a large assemblage of freshwater 
aquatic and marsh taxa. Saltmarsh taxa were mainly confined to the lower sediments, 
with sea clubrush (Bolboschoenus maritimus) the most numerous taxon in the lower 
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sediments. Fern sporangia were abundant in the peat, and dryland taxa were limited to 
only a few seeds of bramble (Rubus fniticosus), silverweed (Potentilla anserina) and 
buttercup (Ranunculus acris), mainly preserved in the silts. 
5.4.4.2 Analysis 
CA of the assemblages split the samples into four groups on the basis of macrofossil 
composition. Axis 1 accounted for much of the variation in the sample set although, as 
with the other palaeoenvironmental sample sets in this analysis, the eigenvalues 
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(representing overall variance) were low. Samples 11005 - 11009 were grouped at the 
positive end of the first axis with high values of Phragmiles components, Cyperaceae 
components and Bolboschoenus seeds among other characteristics (Figure 5.12). 
Opposed to this was sample 11001, which had low values of the above and preserved 
large quantities of Anus components, unidentifiable matter, Betulaceae leaf fragments 
and woody components. In between these were samples 11002 to 11004, which 
contained variable quantities of the major components on the first axis, 11002 being 
similar to 11001 but being separated along the second axis and having higher values of 
Phragmites seeds, Phragmites stems, rootlets and Poaceae epidermis. 11003 was similar 
to 11002, differing in its high rootlet concentration and indeterminate vegetative matter. 
11004 contained no wood and was dominated by rootlets and decayed vegetative matter, 
lying between the composition of the silt samples and the higher peat samples. 
The samples can be divided on the basis of macrofossil composition into four 
groups (Table 5.6). 
Group Samples Depth Sediment Nlacrofossils 
A 11005-11009 -3.99mto. 3.77m silt-Clays Low seed abundance and diversity with saltmarsh taxa. 
Cyperaceae and Poaceae vegetative remains dominant and no 
woody components 
B 11004 -3.74m to -3.72m Organic silt Seed concentration low, mainly Phragmites seeds. Most non-seed 
matter vegetative remains, epidermis and rootlets 
C 11002-11003 -3.71mto-3.63m Silty Peat Variable seed concentrations. High organic content with many 
roots and vegetative remains, including PoaecactPhragmites 
D 11001 -3.58 to -3.56 Silty Peat High seed concentration with trees and herbs. Wood content high 
with much decayed matter and vegetative remains 
Table 5.6 Medway Tunnel Section 11 macrofossil groups 
5.4.4.3 Interpretation 
In sample group A, the presence of well preserved vegetative tissues indicates deposition 
in an environment with maintained high water-levels at the sampling point. The presence 
of sea clubrush (Bolboschoemus marilimus) and Triglochin suggest that the deposits 
were accumulated in an estuarine environment and presence of Cyperaceae rootlets 
suggests that the plants grew locally. Occasional seeds of Alturs and Typha may have 
been introduced to the site by tides as both taxa are very well dispersed by water 
(Collinson 1983; Field 1992). The presence of Phragmites components suggests that 
reeds also grew at the site. It is difficult to be sure of local plant growth and the deposits 
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may have been accumulated in a mudflat adjacent to a stand of established marsh 
vegetation, similar results having been found at Snape Saltings (Chapter 4). The lack of 
Cyperaceae components in sample 11005 and presence of Poaceae taxa may suggest that 
the site was home to a stand of Phragmites or other grass-dominated habitats and that 
the Bolboschoenus was no longer locally dominant. 
Sample 11004, forming group B, is notable for the presence of greater quantities 
of freshwater wetland plants, larger quantities of rootlets, a lack of sedge rootlets, an 
increase in quantities of Poaceae epidermis and larger quantities of vegetative tissues. A 
marsh flora growing at the site seems likely, especially with the presence of much higher 
quantities of organic matter in general and rootlets in particular. Sediment changes may 
suggest that sediment accumulation rates had slowed down. Phragmites is the only 
obvious candidate for a vegetation dominant, although it may be over-represented in 
sediments. The lack of saltmarsh taxa may suggest that the environment became closed 
to tidal inputs, although conversely it may be a result of the small sample size. 
In group C, woody components were preserved for the first time in the sequence, 
although in small quantities, suggesting the presence of a wet-woodland environment 
nearby, possibly in the area sampled by section 9. Both the abundance and diversity of 
the freshwater wetland and aquatic taxa increased. Sea-clubrush seeds were present in 
sample 11003 in small numbers, possibly indicating occasional tidal flooding or aerial 
input. The latter is the most likely, probably from a nearby stand of the taxon. The local 
vegetation was probably that of an open freshwater marsh, with taxa such as Phragmites, 
Typha, Carex and Urtica. The abundant and well preserved epidermis in these samples 
may suggest that water-levels were often high in the marsh and sedimentation rapid. 
The uppermost sample 11001 contained evidence of a nearby fen woodland with 
Alnus seeds, bracts and budscales being present and wood, including twigs, forming a 
major sample element. Aquatic taxa were also present in large numbers, as in Section 16, 
and it is possible that permanent standing water was present at the sample point. The 
abundance of wood suggests that the sample point supported tree-cover during the 
period of deposition, although the seed flora suggests that the local vegetation was 
diverse. A similar vegetation to that in Group E in Section 16 is suggested, with the 
seeds of several taxa being possibly allochthonous. 
Human activity was not particularly marked in the sample set, although the 
presence of charcoal flecks in samples 11002,11004 and 11005 may indicate burning 
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activity in the catchment. The presence of grassland taxa in 11003 may indicate that open 
grassland was present on the non-calcareous soils in the local area. 
The sequence can be summarised as follows: 
1) Deposition in or adjacent to saltmarsh with clubrush and reed components. 
2) Similar conditions as above but a local dominance of reed and loss of Bolboschoenaus. 
Increasing organic preservation suggesting possible decreasing sedimentation rates. 
Both consistent with isolation from tidal influence. 
3) Development of an open freshwater marsh at between ca 4500 BP and 5000 BP, 
possibly a reedbed, with high groundwater levels. Riverborne and possibly tidally 
borne seeds enter the sediments. Development of wet-woodland vegetation nearby. 
4) Isolation from flooding but maintained high groundwater influence causing peat 
formation. Colonisation of the peat by alder and formation of an open fen-carr 
woodland with standing water in pools and a reed-like groundstorey. 
5.4.5 Section 6 
5.4.5.1 Macrofossil preservation (Table 5.7) 
Woody tissues were almost totally absent from the sample set and the assemblages of 
vegetative tissue consisted mostly of herbaceous rootlets, epidermis, Monocotyledon leaf 
fragments and humified vegetative matter. The main difference between the silts and 
peats was the higher rootlet abundance in the latter. Cyperaceae, Juncaceae and Type 1 
rootlets dominated the assemblages, with Type 2 roots also being present in several 
samples. Preservation was good in the samples, although much of the vegetative matter 
was highly fragmented. The good epidermal preservation suggests that the sediments 
rarely dried out since deposition. Organic content was low with the exception of the 
samples from the peat (Figure 5.13). 
Seed assemblages were abundant and dominated riparian/wetland taxa, especially 
the Juncus types. Identification of Juncus was limited to distinction of J. gerardii and J. 
maritimus, J. bufonius and J. articulatus types following Korbe-Grohne (1964). Seed 
and species concentrations are shown in Figure 5.14. The peak values of seed abundance 
were found in samples 6505,6018 and 6016, all samples adjacent to episodes of peat 
deposition. Seed concentrations were very high, distorted by the large quantities of 
Janus seeds. Species concentration was high in all of the samples and the assemblages 
were very diverse. The highest values were found in the peat samples. 
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Wetland taxa included celery-leaved buttercup (Ranunculus sceleralus) and toad- 
rush (Juncus bufonius), both of which inhabit muddy riverbanks, the latter also inhabiting 
disturbed environments. Other taxa such as marsh pennywort (Hydrocotyle vulgaris) and 
lesser spearwort (Ranunculus flammula) were found only in the peat. Aquatic taxa were 
distributed throughout the samples but were concentrated in the peat. They included 
starwort (Callitriche stagnalis) and spikerush (Eleocharis palustris/uniglumis). Few 
wet-woodland trees were represented, the seeds of (Alms) and a single budscale of 
willow (Salix) being the only identified macrofossils. The shaded marsh taxa figwort 
(Scrophularia nodosa) and wood-clubrush (Scirpus sylvaticus) were present in the peat 
unit. The seeds of saltmarsh taxa were again present throughout the samples. Saltmarsh 
rush (Juncus gerardii) and sea rush (Juncus maritimus) seeds were abundant and 
concentrated in the organic silts, accompanied by seablite (Suaeda maritima), sea- 
arrowgrass (Triglochin maritimum), scurvy-grass (Cochlearia sp. ), sea milkwort (Glaux 
maritima) and seagrass (Puccinellia sp. ), all in fewer numbers and located only in the 
silts. 
Dryland taxa were well represented and included trees and shrubs, the seeds and 
buds of which were most abundant in the silts around the peat. The pinnules of bracken 
(Pteridium aquilimim) were preserved throughout the samples as were fern sporangia. 
Grassland, wayside and arable taxa were present in very small numbers and charcoal was 
similarly represented. Of some note was the presence of charred cereal awns, culm 
fragments and rush seeds in sample 6501, which also contained metal slags and small 
fragments of pottery. 
5.4.5.2 Analysis 
CA of the samples showed limited variation and split the samples from the two monoliths 
along the first axis (Figure 5.15). Samples from Monolith 3 (prefixed with 600-) were 
found at the positive end of the first axis in a tight group with high positive values of 
Cyperaceae rootlets among many other positive influences. The exception was sample 
6020, found grouped near 6506, the peat sample from Monolith 5. This and the other 
samples from Monolith 5 were spread across the negative side of the axis, being 
separated by the occurrence of many minor components. The peat samples were also 
distinguished by the greater quantity of seeds otherwise rare in the samples, especially 
Hydrocotyle and Samolus. The main negative influences on the first axis were the Juncus 
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Figure 5.15 Medway Tunnel Section 6 CA of all macrofossil data 
roots and the presence of large quantities of Juncus seeds, with the exception of 
Junrcurs 
gerardii. Type I rootlets and Phragmites remains were present 
in the negative section of 
the diagram. Sample 06501 was separated on the CA because of its much lower range of 
seeds and presence of relatively large quantities of 7riglochin and 
Suaeda seeds as well 
as unidentifiable matter and vegetative remains. 
Quantitative analysis of this sample set confirmed the general impression gained 
from visual inspection of the samples, namely that there was little 
difference between 
them. The main differences were in the root values and incorporation of some major seed 
types. The results are similar to those obtained from the herb-fens sampled at tlickling 
Broad, being species-rich and difficult to classify and separate using quantitative 
methods. Consideration of the quantitative data and the sediment information has 
led to 
the splitting of samples into 5 groups (Table 5.8) 
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Group Samples Height Sediment Macrofosslls 
A 06002 -0.88m to -0.86m Organic clay-silt Low seed diversity, low abundance, many saltmarsh taxe. 
high indeterminate vegetative and rootlet abundance. 
B 06006 to 06016 -0.76m to -0.58m Organic clay silt Moderate to high seed diversity and abundance. 
Dominated by Juncus species with reducing diversity of 
saltmarsh species towards the top. Non-seed mainly 
rootlets, especially Cyperaceae. Preservation good. 
C 06018 -0.56m to -0.54m Organic clay-silt High seed diversity and abundance. Good preservation 
dominated by roots. Increasing Poaceae remains. Greater 
representation of dryland and riparian taxa 
D 06020 and 06506 -0. S2mto-0.36m Silt/Claypeat High organic content, daise root assemblages, especially 
Type 1 and Cyperaceae. Highest diversity with moderate 
abundance, especially of freshwater taxe. Lowest values 
ofJuncus app. seeds 
E 06505 to 06502 -0.28m to -0.02m Clay-silt Lower seed diversity and lower, but still high diversity. 
Mixture of sahmarsh and riparian marsh taxa. 
Domination by Juncus and Type I roots 
F 06501 0.04mto 0.06 Clay-silt Great reduction in seed abundance and lower diversity of 
freshwater and riparian taxa. Increase in unidentifiable 
matter. 
Table 5.8 Medway Tunnel Section 6 Sample Groups 
5.4.5.3 Interpretation 
The seed flora and the abundant herbaceous rootlets present throughout the sample set 
indicate the maintenance of open, marshy vegetation cover, including plants from the 
sedge and rush families. Tree and shrub species were present only as seeds, fruits and 
budscales, suggesting that there was no extensive local wet woodland. 
Sample Groups A and B show strong representation of saltmarsh taxa. An 
increase in the abundance of all taxa and an overall increase in macrofossil incorporation 
mainly distinguished Group B. Cyperaceae roots, and Juncaceae types in samples 06002 
and 06016, suggest the local growth of these taxa and both are well represented in the 
seed assemblages. The overwhelming dominance of the seeds of saltmarsh taxa, 
especially Juncus gerardii, suggests the presence of this species in the vegetation, with 
local stands of Bolboschoenus, the only Cyperaceae likely to be able to withstand the 
salinity. Suaeda and Salicornia seeds are well dispersed and the presence of so few in the 
samples may suggest that they were not a local plant. The presence of Puccinellia seeds 
may be more spatially reliable, suggesting with the Juncus, the presence of a local middle 
to upper saltmarsh habitat. Bolboschoenus is a common plant of rarely flooded upper 
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marsh swamps. The sequence in group B may show a transition from upper saltmarsh to 
marginal/upper swamp. Many of the other seeds are easily dispersed wetland taxa 
suggesting the input from tides and nearby vegetation on land. The numbers of bud- 
scales of Quercus in particular may suggest local stands of the tree. Throughout group B 
the diversity of freshwater taxa reduced, suggesting possible isolation of the sediment 
from tidal action. 
Group C consisted of a single sample (06018) and had a transitional composition 
with an increased organic content, large seed abundance and higher diversity than the 
lower samples. Rootlet concentrations increased in the sample and Poaceae epidermis 
was well preserved, suggesting deposition in high water conditions. The assemblage still 
is indicative of saltmarsh deposition. However, the presence of Samolus seeds and large 
quantities of Filicales sporangia suggests the close proximity of terrestrial habitats or 
freshwater wetlands, although the former is found along the banks of estuaries. 
The peat samples of Group D have an intriguing mixture of freshwater and 
saltmarsh taxa. The entry of some seeds to the deposits can be seen as being due to tidal 
or flood input, however, the high abundance of many taxa suggest the presence at or 
near the sample point of many. The fact that the seeds are well preserved and suffer a 
minimum of surface erosion also argue for limited water transport (cf. Huber and 
Ferguson 1998). A major change between the two peat samples is the change in root 
abundance from Cyperaceae dominants in 06020 to Juncus and Type 1 in 06506. This 
may in part be explained by the spatial separation (3m) of the monoliths. The seed flora 
does not show a correlated change paralleling that of the roots. This may be due to root 
penetration and the seed flora may provide a more temporally reliable indicator of the 
local flora. Both samples are dominated by similar taxa, especially Carex spp., 
Bolboschoenus maritimis, Juncus spp. and a wide range of other wetland taxa. The seed 
flora suggests the local presence of a transitional freshwater/upper saltmarsh swamp, 
dominated by Carex spp., Bolboschoenus and a wide range of Monocotyledon and 
Dicotyledon herbs. The presence of Type 2 rootlets may suggest the local presence of 
Typha or Sparganium spp., also common upper saltmarsh taxon. Others include Samolus 
valerandi, Eleocharis and Eleogiton fluitans, all consistent with a freshwater to brackish 
transitional swampy environment. The identification of this flora is important as 
analagous floras are not present today in the Lower Thames. The range of aquatics, 
emergents, Monocotyledons and Dicotyledon herbs suggests the presence of a variety of 
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sub-environments locally, including swamp, pools, channels and drier marshes. This flora 
is indicative of considerable groundwater influence and could be due to increases in 
runoff or river discharge under conditions of lowering/stable sea-level. The presence of 
saltmarsh rush seeds in the peat is of some interest and may indicate the input of seeds 
via the wind, as rush seeds can be dispersed in this way (Ridley 1939). Much lower 
abundances of this taxon were found in the peat samples in comparison to the silts, 
perhaps supporting this thesis. 
Group E samples see a reduction in the diversity of the assemblages and a return 
to dominance of Juncus spp. seeds. The dominance of Juncus rootlets suggests the 
actual presence of the plant at the site, as does the presence of Phragmites remains. This 
change suggests a return of greater tidal influence, perhaps with a flora similar to that of 
the preceding upper-marsh swamp, but with a reduction in the less salt-tolerant species. 
One would expect an increase in seed types with greater tidal influence and this does not 
happen. The final sample group was distinguished by a further reduction in freshwater 
taxa, an increase in saltmarsh taxa and an increase in unidentifiable material. This is all 
consistent with further increasing saline influence. The reduction in root abundance may 
suggest the onset of more open conditions and perhaps even the presence of a mudflat 
environment. 
Human disturbance indicators are represented in many of the samples, with 
charcoal present throughout the sample set and charred remains in sample 06501. Other 
indicators come from the waterlogged seed flora, with both non-calcareous grassland and 
ruderal taxa present. Pteridium aquilinum remains are also ubiquitous and may indicate 
the presence of infested pasture or arable land nearby. The charred remains at the top of 
the sample column also indicate human activity at or near the site as the cereal awn was 
very well preserved, with its morphology preserved in detail. It is unlikely that this detail 
would have been preserved if the awn had been transported in the river, suggesting a 
local origin. The most likely incorporation route is from the dumping of hearth debris 
nearby. Much of this evidence is in the upper samples from Monolith 5. This may suggest 
that human activity at the site was minimal before the period of peat deposition; 
however, it may simply reflect the closer proximity of that monolith to the shore. 
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The sequence can be summarised as follows: 
1) Deposition of sediment in an upper saltmarsh subject to limited tidal intrusion 
dominated by Bolboschoenus and Juncus gerardii. 
2) Continued presence of Juncus gerardii saltmarsh at the site and freshwater marshes 
nearby. Isolation of the site from regular tidal inundation. 
3) Further reduction of tidal influence and/or increasing runoff and groundwater levels. 
Onset of peat accumulation at ca 3000 BP in an open transitional brackish swamp 
dominated by sedges, club-rush and a wide range of Dicotyledon herbs. Shrubs and 
trees persisted on dryland nearby, although open terrestrial environments are also 
probable. Near to the site a Juncus gerardii saltmarsh persisted, its seeds being blown 
into the site. 
4) Return of upper saltmarsh at the sample site and increasing tidal influence. Increasing 
evidence of human activity 
5) Further tidal influence with the development of saltmarsh flora and perhaps the 
development of mudflats. 
5.4.6 Trench 7 
5.4.6.1 Macrofossil preservation 
Seed assemblages were abundant and diverse (Table 5.9; Figure 5.16), with the basal 
sample (37014) containing a large quantity of seeds, mainly Juncus. The other samples 
had much lower seed concentrations, but they were still very high. Species diversity 
increased up the profile. Freshwater marsh and riverbank taxa were common in the seed 
assemblages, including several sedges (Carex sp. ), toad rush (Juncus bt fonius), rushes 
(Juncus articulatus) and celery-leaved buttercup (Ranunculus sceleralus). Other less 
ubiquitous taxa included marsh cinquefoil (Potentilla palustris), nettle (Urtica dioica) 
and brooklime (Samolus valerandi). Nettle may also have derived from disturbed 
nitrophilous conditions and is often associated with human activity. Saltmarsh taxa were 
also well represented, saltmarsh rush (Juncus gerardii) being the most abundant taxon in 
the sample set and present in all of the samples. Sea rush (Juncus maritimus), sea club- 
rush (Bolboschoenus maritimus) and spikerush (Eleocharis palustris) were also 
common, with sea milkwort (Glaux maritimes) and scurvy-grass (Cochlearia sp. ) present 
in only a few samples. Other aquatics were sporadically preserved and included lesser- 
marshwort (Apium immdatum) and water-crowfoot (Ranrunculus sub-genus 
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Sample 37001 37002 37003 37004 37005 37013 37006 37008 37014 
Traels-Smith As3Agl As3Agl, Ag2ShlAsl As3Agl As3A81Sh+Th Sh2A427h+ M2Ag2Th+ As2ShlAglTh+ As2ShlAglTh+ 
Color 10YR511 10YRSl IOYR3/1 I0YR3/1 10YR311 IOYR2/l IOYR3/l 10YRL2 IOYR] 2 
Block Depth 0.2an 2-4San 4.3.6an 6-San 8.10an 10.11. San 11.512an 14.16cm 16-17an 
Taxoo/Compenent Depth O. D. (in) 1.25 1.23 1.20 1 19 1.17 1.15 1.13 1.11 1.09 
A. Seeds and Frdts 
2. Submerged and floating aquatin. 
Apame d rmodaaow seed 2 1 
Ramneulua subgenus Batrughi e seed 1 6 2 
3. Emergent aquatics. 
E/eocAaririmighanidpahmisseed 13 24 23 1 1 8 
Typhasp. seed 
4. Open riparian, mW and marsh 
Carat sp. Sat buff seed 6 2 1 4 21 3 
Carerap. tngonousseed 1 6 2 1 
Justus arindaaa type seed 125 210 
191 37 7 25 
Jincru byfonews seed 125 369 102 609 372 40 53 
. huicur sp. seed 1 14 420 
Potmsila c1 . ahmt seed 2 
Rmavncnhu, lomusseed 57 30 20 4 12 18 37 2 2 
Urlira dioica seed I 
Samolw ra(erandi seed 15 32 
6. Salnnarsh. 
Coehleaia sp. seed 1 3 
Glaw madirna seed 1 I1 11 
Juncos gerw dd seed 738 148 285 352 284 113 367 951 4617 
, heýeurmarlnauzseed 10 43 280 
16 10 
Bolboschomwmorüfmaiseed 11 3 8 2 6 6 3 
7. Dryland trees, shrubs eta 
Rubes fruncowr egg. teed 1 4 3 
8. Farm. 
Filicales sporangia 9 
9. Grassland. 
H. perl w dPe fomeuw seed 1 
Potmtllla a ssedna seed 1 4 8 4 3 2 
2Rpwwproecox1puhgiotder seed 1 21 
I1. Wayside and wasteland 
Plansago mqjor seed 1 6 1 1 57 I8 
12. Indeterminate. 
Apaan sp. seed 3 
Mrntha sp. seed 1 1 2 3 
Poaceaesp. send 1 
Viola sp. seed 2 
Cyperaceae seed 1 
Chawpodium sp. seed 2 
B. Non-seed macrofotalls 
Cyperacese item 1 
Cyperaceae epidermis 4 1 
Cyperaoeae type rootlet 15 8 8 4 7 
Juncaceae epidermis I 
. ha. cw sp. type rootlet 15 26 18 22 24 17 37 22 25 
Typelroot 9 9 7 8 8 8 15 12 
Dicotyledon leaf 
Indeterminate rootlet 45 51 62 44 39 51 33 29 25 
Indeterminate epidermis 1 1 4 
Indeterminate Moss I 1 I I I I I I 
Charcoal 1 1 2 
Indeterminate herbaceous matter 16 13 10 25 18 14 16 24 30 
Unidentifiable Organic Matter I I I 
Seed Abundance 1097 848 956 992 703 389 520 1005 5048 
Species diversity 14 15 13 12 10 15 12 7 5 
Seed concentration 21.94 16.96 19.12 19.84 14.06 7.78 10.4 20.1 100 96 
Species concentration 0 28 0.3 0.26 0.24 02 0.3 0.24 0.14 0.1 
Table 5.9 Medway Tunnel Trench 7 macrofossil records 
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Batrachium). Dryland taxa were present in only small numbers but included the indicator 
of chalk grassland, wild thyme (Thymus praecox), and one of non-calcareous open 
conditions, silverweed (Potentilla anserina). The indeterminate group included 
representatives of several genera: Apium, Mentha, Viola and Chenopodium. 
Rootlets dominated the assemblages, among them Juncus and Cyperaceae types. 
Other remains were rare, but all were non-woody. Aerial vegetative remains were 
present only infrequently, but included characteristic Cyperaceae and Juncaceae 
epidermis from both aerial and sub-aerial organs. Charcoal was noted in small quantities 
in samples from the top and bottom of the block. 
Group Sample Depth Sediment 111acrofossils 
A 37014 to 37008 1.07 tol l lm Organic sift-clay Dominance of vegetative remains, especially Juncus and 
Cypcraocao. Largo quantities of roots, especially Juncus. 
DecreasingJuncus seeds and increasing diversity in 37006 
B 37006 to 37013 1.11 to 1.15m Silty peat Large macrofossils content, mainly rootlets. Seeds more 
diverse with low Juncus counts and many more dryland and 
freshwater wetland taxa 
C 37005 to 37002 1.115 to 1.23m Silt-clay Continued dominance of rootlets, especially Juncus, but 
otherwise similar to that below. Diverse seed assemblages 
with many dryland taxa, but domination of Juncus species 
and higher visibility of saltmarsh taxa 
D 37001 1.23 to 1.25 Sih-clay Similar to Group D but much higher abundance ofJuncua, 
better representation of Cyperaceae vegetative remains and 
lower representation of dryland taxa. 
Table 5.10 Medway Tunnel Trench 7 Sample Groups 
5.4.6.2 Analysis 
CA (Figure 5.18) confirmed that there was little difference in the sample composition. 
Most of it was accounted for along the first axis, along which the samples were 
distributed. Samples at the positive end of the first axis contained high quantities of 
Juncus gerardii seeds, higher quantities of unidentifiable matter and Juncus rootlets. 
They had lower quantities of many seed types, sporangia and Cyperaceae components. 
Samples 37014,37008 and 37006 were separated along the first axis in correct sequence 
order. The other samples were grouped at the negative end of the first axis, having the 
opposite values to those noted for the positive end. All of these samples contained a 
wider range of macrofossils, especially the seed flora. Only 37013 was separated from 
this group, mainly on the basis of the greater abundance and diversity of Cyperaceae 
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Figure 5.18 Medway Tunnel Trench 7 CA of all macrofossil data 
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components and the addition of several seed types. This analysis separated four broad 
groups of samples that may have interpretative significance (Table 5.10). 
5.4.6.3 Interpretation 
The vegetative component of the sample varied little throughout the block and is 
consistent with a dense open marshland flora, dominated by grasses (Poaceae), sedges 
(Cyperaceae) and rushes (Juncaceae). The dense rootlet mat that the sediment contained 
can only have derived from vegetation growth at the sample site. Trees and shrubs were 
not present, with the seeds of bramble (Rubus fruticosus) probably entering the site via 
water transport bird excrement. 
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Taxonomic identification of vegetative tissues is limited to family level and more 
precise habitat information from plant macrofossil relies on the seed and fruit 
assemblages. The seed flora is consistent with the vegetative remains. The samples of 
Group A had the highest organic content and were dominated by rootlets, especially of 
Juncus. The seed assemblages were dominated by saltmarsh taxa, mainly saltmarsh rush 
(Juncus gerardii) mixed with smaller quantities of sea rush (Juncus maritimus) and 
scurvy-grass (Cochlearia). Non-saltmarsh taxa were present in small numbers and all of 
those present have seeds that are widely dispersed (Field 1992; Praeger 1913). The 
overwhelming domination of the assemblage by saltmarsh components indicates that at 
the time of deposition the site held a Juncos gerardii upper saltmarsh flora or a swampy 
habitat with this taxon nearby. 
Group B samples were similar in composition to Group A, although they 
contained a much greater diversity of seed taxa and the Cyperaceae components that 
appeared in 37008 are common. The organic content of the samples was much lower 
than Group A and the organic content decreased above this point (Figure 5.18). 
Decreasing Juncus gerardii values may suggest that the plant was less common at the 
site. However, this is uncertain as it may simply be a local seed concentration effect. The 
mixture of taxa is reminiscent of those in Section 6 and may indicate the presence of a 
local upper marsh swamp in the depression that the silts filled. The lower organic content 
suggests that sediment input may have increased to the site as a result of increased runoff 
drainage into the depression, flooding, or increased tidal incursion over the site. The 
presence of dryland taxa begins in these samples and continues through Group C. 
The samples of Group C have a similar macrofossil composition with the 
exception of the change in numerical dominance of the samples from saltmarsh to 
freshwater taxa, especially toad-rush (Juncus bufonius). The presence of this taxon 
suggests that the area contained disturbed vegetation. The continued presence of saline 
indicators suggests that the basin itself contained saltmarsh vegetation or was open to 
inputs from the tide. The freshwater taxa may have derived from nearby transitional 
marshes as the samples come from a depression, the site acting as a basin for the 
deposition of macrofossils from elsewhere. 
The sample from Group D contained the seeds of saltmarsh rushes and 
Cyperaceae taxa, the latter also represented in the vegetative remain assemblages. The 
main difference between this sample and the one below is the lack of dryland taxa. 
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Otherwise the samples contain more taxa typical of upper saltmarsh swamps. The 
changes may simply indicate the isolation of the basin from tidal or runoff flows and local 
development of a transitional saline/freshwater flora. 
Studies of modern seed rain (Chapter 4) showed that the interpretation of seed 
abundance of well dispersed taxa, such as the Juncus species is difficult, although high 
abundance usually means that the taxon grew close to the site. This work also suggests 
that seeds would, at most, be subject to local re-distribution in the low energy 
environment in which the sediment accumulated. If this is accepted, these taxa must have 
derived from the local flora. Given this, the mixture of seed types present here is 
confusing and mutually exclusive at one site. The most likely explanation is that the local 
vegetation was largely saline, with the other taxa coming from tidal and wind inputs from 
the complex of transitional and freshwater communities that may have lived on higher 
ground around the depression. The plant communities may have been strongly affected 
by human interference and, perhaps, grazing. The differences in quantitative macrofossil 
characters may be due to changes in tidal and runoff inputs, with the local flora changing 
little during the period of deposition. The apparent isolation from tidal inputs may 
indicate a period of relative sea-level stillstand and development of a transitional flora. 
Represented dryland taxa include thyme (Thymus praecox) and silverweed 
(Potentilla anserina), the former a chalk grassland indicator and the latter indicative of 
non-calcareous, damp open habitats and grassland, although it may also grow in upper 
saltmarsh transitions (Burd 1984; Adam 1990). These suggest the presence of chalk 
grassland in the local environments during this period of deposition, a new occurrence at 
the site and continuing the overall trend of increasing evidence of terrestrial 
environmental modification at the site as a whole. 
The sequence of events can be reconstructed as follows: 
1) Initial deposition in a basin supporting Juncus gerardii saltmarsh flora, high 
groundwater levels but no standing water. Occasional seeds from surrounding marsh 
vegetation introduced as the result of low-energy tidal incursion and/or deposition by 
air currents. Saline conditions persist throughout the period. 
2) Opening of the basin to more allochthonous water-borne seeds and fruits from taxa 
with floating seeds through increased tidal activity or flooding. 
3) Reduction in dryland inputs possibly because of a reduction of tidal influence and 
development of a transitional flora. 
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4) Human disturbance and modified landscapes represented through much of the 
sequence 
5.4.7 Trench 6 
A small number of samples rich in Charcoal from the Romano British settlement at the 
site were sieved and subject to a brief analysis. The finds are shown in Table 5.11. The 
non-charcoal component was small, but contained a large number of taxa. Cultivars 
included free-threshing and glume wheats, domestic barley and oat, although the latter 
may not be domestic. Both wheat chaff and grains were identified suggesting that some 
crop processing or use of crop by-products (e. g. for animal feed) occurred at the site. 
The crop species are typical for the period. The non-cultivated remains were few but 
included common weedy species such as goosefoot (Chenopodium) and knotweed 
(Polygonum aviculare). Culm fragments, possibly from burnt straw or hay, were present 
and the dock seed may have derived from burnt local weeds or again animal fodder. 
Sample P3 P3 P3 P3 
CS1A CS1B CS2A SB1 
Taxon English Name Component 
Avena sp. Oat Grain Fragment 1 
Hordeum vulgare Barley Grain Fragment I 
Triticum cf. turgidumtype Rivet wheat Rachis Internode 1 
Triticum cf. spelta Spelt wheat Glume Base 1 
Triticum cf. spelta Spelt Wheat Spikelet Forks 2' 
Triticum sp. Wheat Spikelet Forks 1 
Triticum sp. Wheat Glume Base 1 4 17 
Cerealia spp. Cereal Grain Fragments 4 1 
Chenopodium spp. Goosefoot Seed 3 4 5 
Poaceae Grass Seed 1 1 1 
Poaceae Grass Culm Fragments 36 8 
Polygonum cf, aviculare Knotweed Seed 1 
Rumex sp. Dock Seed 1 
Indeterminate Seed 2 3 1 6 
Indeterminate Soft Fruit 1 
Indeterminate Leaf 1 
Indeterminate Parenchyma 5 1 3 8 
Fragments 
Table 5.11 Medway Tunnel Phase III charred plant macrofossil records 
The small and possibly unrepresentative samples allow little to be said about the 
details of life at the site. Crops may have been grown on drier ground away from the 
surrounding estuary or traded into the site. There is no direct evidence of saltmarsh 
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exploitation; however, the area would have provided a rich grazing resource. Some of 
the taxa commonly identified in the seed assemblages, especially Potentilla anserina are 
common in disturbed grazing at the edge of saltmarshes (Adam 1990) and the dense 
sward of herbs on the marsh would have provided attractive grazing for cattle. The 
abundance of Juncus bi fonius further supports the presence of local disturbed wetland 
conditions. The non-analogue nature of the seed assemblages from Sections 6,11 and 
Trench 7 have been noted above. Site habitation is contemporary with Trench 7, in 
which chalk grassland and a range of disturbed habitats are present. It is possible that 
grazing at the upper edges of the saltmarsh may be responsible for the strange mixture of 
species and evidence for disturbance. The open herbaceous environments contained a 
large diversity of species, one that is unlikely to have occurred naturally in a low-energy 
alluvial system. It is possible that the mixture was encouraged by grazing of cattle and, in 
the drier areas, sheep, on the biologically productive salts. Going further, one could 
speculate that the presence of chalk grassland, slight though it is, may point to the use of 
grazing land in a wide range of environments, accompanying arable production nearby, 
or importation of grain from elsewhere. The evidence is slight, and suggests that the site 
was part of a diverse local agricultural economy during the Romano-British occupation 
that utilised the rivers resources alongside that of terrestrial environments. 
5.5 Major research themes 
5.5.1 Vegetation cover 
Macrofossil analysis provided information about the vegetation on and near the sample 
sites, including both floodplain/estuarine environments and those of the surrounding 
terrestrial ecosystems. 
5.5.1.1 River and riverbank vegetation 
Vegetation along the river varied between woodland, fen and saltmarsh in response to 
changes in hydrology and sedimentation regime accompanying environmental changes in 
the river catchment. The earliest flora identified was freshwater and included a canopy of 
alder on the riverbanks, succumbing to rising water-levels and the formation of reedbeds. 
Estuarine conditions are reflected early in the sequence with mixtures of freshwater 
riverbank, aquatic and saltmarsh taxa. Marine deposition dominates much of the rest of 
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the sequence above this point, interspersed with episodes of deposition of peats and 
organic silts in freshwater and transitional saline/freshwater habitats. 
The first transition to tidal conditions (Section 16) seems to be gradual with the 
death of trees at the site and development of a reedbed, as would be expected. There is 
no evidence, however, of the development of the type of transitional species-rich upper- 
marsh swamps that characterise later deposits. Most macrofossil assemblages above the 
onset of tidal influence in Section 16 are more characteristic of tidal-flat environments 
than those of vegetated saltmarshes, although the presence of abundant rootlets and 
some aerial material may indicate the growth of marshes nearby. The continued influx of 
freshwater riparian and aquatic species indicates that a diverse river flora persisted in 
freshwater areas upstream of the site. 
The leaf-beds in Section 16 are found nowhere else on the site and seem to have 
been deposited in a habitat of tree cover with many open pools and stands of mixed 
riparian vegetation. The depth of similar sediments suggests that this floodplain 
environment persisted for some time and it is possible that the unusual combination of 
elements, at least in comparison to modern vegetation, is due to the reaction to 
continuous disturbance caused by increasing water levels. The vegetation changes in 
Sections 9 and 11 are easily explained in terms of local hydrological change (see below) 
and relatively simple brackish/saltmarsh vegetation formations are suggested in the seed 
and non-seed floras. The range of taxa found in the wet-woodland units suggests rather 
diverse vegetation associations, including drier and wetter patches, and a mixture of 
canopy and groundstorey elements. The vegetation was much more diverse than modern 
observed wet woodlands and shows the limitations of modern observations in informing 
us about past ecosystems. This is unsurprising, considering that all of the wet-woodlands 
present in Britain today are heavily managed and have been for centuries. The open-fen 
flora of Section 11 is relatively simple and contains mostly open-marsh freshwater and 
brackish taxa. It may represent a natural transitional saline-freshwater/terrestrial 
transition. 
The simple vegetation of Section 11 is in contrast to the range of open, marshy 
species, many apparently local to the sampling site, seen in Section 6 and Trench 7. The 
combination of freshwater and saline-tolerant taxa cannot easily be explained in terms of 
allochthonous tidal inputs of freshwater taxa to an upper saltmarsh, although some seeds 
probably entered the site from such vectors. In both sections the flora is similar to that 
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reported in transitional upper-saltmarsh swamps, rarely surviving in Britain today (Burd 
1984; Adam 1990). The change from clastic to organic sedimentation in Section 6 can be 
seen as a response to a change in balance from tidal to groundwater dominated 
hydrology, although the flora suggests that saline influence was still present, albeit 
diminished. 
The complexity of the flora may have been further enhanced by human 
disturbance or disturbance by grazing animals. The evidence from both sites is of a 
complex of vegetation not seen in the region today, reflecting local hydrology and 
disturbance on an extensive floodplain in which the complex interplay of tides and 
groundwater mixed with human disturbance determined local vegetation character. The 
truncation of the floodplains and saltmarshes, stability of the rivers because of slower 
increases in sea-level rise and human control have restricted the range of such 
communities in the modern day. The Section 6 `peat' is a saltmarsh peat, coming from a 
transitional terrestrialising zone. The reversion to clastic sedimentation is a result of 
changing hydrology and may indicate the swinging of the hydrological balance once more 
towards tidal inputs, although the vegetation change may have been limited, with only 
those salt-intolerant taxa, such as Hydrocotyle, being removed. This period of saltmarsh 
peat accumulation was brief and the lack of arboreal invasion suggests that water-levels 
continued to rise during the period and that it was a transitional environment. 
5.5.1.2 Terrestrial vegetation 
Evidence for dryland vegetation in the plant macrofossil assemblages was limited, but 
some long-term changes were noticeable, supported by trends in the preliminary pollen 
analysis of the site (Branch 1994). Evidence from section 16 was restricted to the tidal 
deposits above the bedded leaves in which allochthonous seeds and fruits were 
preserved. Most of the identified taxa were of woodland or scrub origin, with few open 
country species present. These included common components of natural glades and 
woodland edges and, in one case, open wetland (Filipendula ulmaria). Few indicators of 
dryland vegetation were preserved in sediments from sections 11 and 9, with the 
environments in both being closed to allochthonous inputs. Potentilla anserina and 
Ranunculus acris in sample 11003 are indicative of open plant communities on non- 
calcareous soils and may indicate the presence of mesotrophic grassland. Again, these 
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taxa may have a natural origin, or may have grown in the saltmarsh transition and firm 
conclusions concerning the nature of the dryland vegetation cannot be offered. 
Evidence from section 6 is more compelling, with dryland tree taxa being almost 
absent and indicators of both open non-calcareous grassland and arable/disturbed 
habitats being preserved. Bracken indicates the presence of weedy arable land or rank 
grassland, both human created and particularly susceptible to bracken infestation. In 
Trench 7 the chalk grassland indicator Thymus sp. was preserved. Chalk grassland has 
recently been identified in Dover, contemporary with the deposition of the Dover Bronze 
Age Boat (Fairbairn 1998). The Medway and Dover evidence suggests that a similar 
trend to open country occurred in Kent as elsewhere in the river valleys of southern 
England (e. g. Lambrick and Robinson 1988; Greig 1988; Greig 1992b). There was no 
evidence in the lower sections for the presence of open chalk grassland in the Mesolithic 
as seen in Sussex (Scaife 1987; Waller and Hamilton 2000), although this may reflect the 
selective nature of allochthonous macrofossil incorporation 
5.5.1.3 Vegetation change and stability 
The overall picture of river-edge and floodplain vegetation during the period of 
deposition is one of constant adjustment to the changing hydrological conditions at the 
site. There were clearly major shifts in the hydrology of the basin linked to both river 
discharge, sea-level changes and local runoff. The most pronounced changes in the river 
vegetation are found in Section 16, with the initial period of tidal influence. This whole 
episode can be explained as an effect of river-adjustment to rising sea-level. A major 
fluctuation in hydrology is seen in Section 9, where tidal sediments are replaced by 
freshwater deposits. It suggests that this latter episode does reflect a major episode of 
sea-level stillstand or decline. Higher sections show fluctuations, but nothing on such a 
scale and all are potentially explained as occurring within a trend of rising sea-level. The 
upper sections can be seen to represent episodes of deposition a stable environment and 
may be explained in terms of local variation in vegetation and sedimentation expected 
over a wide floodplain with a rising sea-level. 
The absence of arboreal littoral vegetation in the upper sections is of interest. The 
lack of vegetation may be due to the sample position, as arboreal macrofossils are 
unlikely to intrude far into herbaceous communities; however, the abundance of Abius 
pollen is also low in the upper sections (Branch and Lowe in Pine et al. 1994). The 
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littoral area was inhabited by a mixed herbaceous community. As discussed above, this 
may have been at least in part influenced by grazing, this preventing Alms establishment 
on suitable substrates at the marsh edge. The lack of Almas may have reduced 
transpiration loss of water from damp soils and helped to increase the height of the local 
groundwater table. This and the increased runoff caused by local deforestation may have 
helped to form the correct hydrological conditions, specifically high freshwater input, 
that sustained the complex marginal vegetation. 
Human impact is apparent on dryland. Although evidence is slim, the plant 
macrofossil record indicates the existence of woodland cover on dry land and along both 
riverbanks and floodplain at ca 6900BP. There is tentative evidence for the existence of 
open grassland communities at ca 4800BP (Section 11) and definitely by ca 3000BP 
(Section 6) where some of the remains are consistent with the presence of open 
communities, non-calcareous grassland and arable disturbance. The overall change in 
macrofossil presence suggests that woodland cover reduced in later periods. Tree and 
scrub species are still represented in the assemblages, but the landscape was more open 
than previously. Chalk, and possibly mesotrophic grassland, may have developed by the 
period of Iron Age and Roman settlement, although estimation of tree cover is not 
possible using macrofossil evidence. Over the period of deposition, the dryland flora 
underwent major changes almost certainly connected with human activity, locally and/or 
within the river catchment. 
5.5.2 Changes in depositional environment and hydrology 
Overall macrofossil preservation and the quantified taxonomic data have helped in the 
determination of extant depositional environments at the sample points and suggest the 
influence of a complex of hydrological influences on facies formation and standing 
vegetation. The leaf beds in Section 16 had a unique composition for the site. Leaf beds 
are rarely preserved in alluvial sediments and indicate quiet water conditions, with 
minimal in situ vegetation growth and maintained groundwater levels. The persistence of 
these features suggests that deposition under similar conditions persisted for some time. 
High standing water levels suggest impeded drainage of groundwater because of high 
river-levels. High river levels in this context would be best explained by the effects of 
rising sea-level on peak flood heights. Sedimentation would normally rapidly fill any 
basin in which standing water was present. The continued deposition in this environment 
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indicates a long period of rising sea-level in which the groundwater levels were 
maintained. The eventual beginning of saline influence at the site indicates the point at 
which the tidal head reached Chatham and at which tides became the predominant 
hydrological influence. 
Sections 9 and 11 show a rather dramatic change from clastic sedimentation in 
tidal environments to organic sedimentation in freshwater environments. Organic 
sedimentation is accompanied by immediate alder colonisation in section 9 and by a more 
gradual change in Section 11 to a herb-dominated open fen environment only later 
invaded by fen woodland. The most adequate explanation for this difference in response 
rate is the difference in local hydrology. Section 9 is much closer to the modern river bed 
than Section 11. Assuming that the river channel was in a similar place as today, this 
suggests the formation of an open swamp to the rear of the Alturs woodland that 
occupied the river edge, possibly on a former bank or levee. High groundwater levels fed 
by runoff from the chalk cliff and perched on the impermeable lower silt substrate may 
have sustained the swamp. Only later, after the infilling of the local basin, were 
conditions dry enough to allow invasion of alder growth at that site. 
The transition from marine to freshwater influence is apparently rapid at both 
sites and the usual interpretation would cite it as a response to falling sea-level, 
freshwater vegetation invading sediments that are no longer inundated by the tides. 
Groundwater and floodwater levels are the main control on hydrology and sediment 
development. In the case of Sections 9 and 11, the rapid change to freshwater conditions 
would be consistent with reduction in tidal influence, although groundwater levels must 
have been high for peat development to be instituted. A less likely scenario is that peat 
development was the result of high river bank formation, possibly because of a change in 
sediment load, isolating the area from the river. This latter interpretation suffers from a 
lack of direct evidence. A further alternative is that groundwater influence increased in 
the margins of the floodplain, occupied in the lower parts of Section 9, by an upper 
saltmarsh swamp. While this interpretation would be sustainable for marginal areas, it 
seems unlikely that it could explain such massive peat formation and wet-woodland 
presence over such a large area seen at this point. The idea of a sea-level rise slowing or 
stillstand, coinciding with higher groundwater levels and runoff, may be the most 
plausible explanation. It seems unlikely that, given the shape of the Medway River Basin 
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at this point, that groundwater and river discharge would be able to overcome the 
influence of tides continuing to rise rapidly. 
Further changes in Section 9, especially the gradual increase in freshwater levels 
and death of the tree canopy, suggest increasing water-levels at the site. This would be 
consistent with of continuing rising groundwater levels. High groundwater levels may be 
linked to increasing precipitation or clearance of woodland in the surrounding catchment. 
That groundwater levels were at least maintained seems to be shown by the continued 
presence of a freshwater flora. Alder growth at the site seems also to have persisted, 
although there is some evidence for a more open canopy. 
The higher sections are indicative of fluctuations in the hydrology that are best 
explained as sedimentation responses to changing groundwater levels in an overall trend 
of rising sea-levels. Change from primarily clastic to organic sedimentation in Section 6 
is rapid and the seed rain is best interpreted as the result of slight modifications in an 
open, diverse, herbaceous upper-saltmarsh swamp flora caused by increasing runoff and 
groundwater levels. A reduction in tidal influence would be expected to cause the 
invasion of the site by less salt tolerant taxa, reduction or elimination of salt-tolerant 
taxa, worsening preservation and rapid invasion of the site by fen woodland. Increasing 
groundwater may be associated with local deforestation or climatic changes. In Trench 7 
the reduction in organic content up the profile may be a result of higher sedimentation 
rate, caused perhaps by increased tidal influence. This may be the on-site indicator of the 
widely seen post-Roman increase in rates of sea-level rise. Slight fluctuations in the 
macrofossil assemblages higher in the sequence may be linked to a temporary reduction 
in tidal influence in a brackish swampy environment. 
5.5.3 Human activity and disturbance 
Direct evidence of human disturbance and use of the area is scant in the described 
assemblages and associated deposits, although it is compelling. Direct use of the 
floodplain, or its margin, is seen in Section 16, where the riverbank sediments preserved 
traces of Mesolithic occupation. Food preparation is hinted at and it is beyond doubt that 
the river would have provided a rich suite of both animal and plant resources for local 
gatherer-hunter groups. The open vegetation of the riverbank, at this point a stable sand, 
would have also provided an easily traversed surface and perhaps an important 
communications route. Charcoal is preserved throughout the sediments above the leaf- 
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beds in Section 16. Its most likely source in British ecosystems is human-generated fires, 
for sustenance or clearance activity, but almost certainly linked to human activity. The 
onset of estuarine conditions would have increased the resource value of the area 
considerably, with tidal flats and shallows being home to many fish and birds and a vast 
range of microhabitats opening up for the local population in the river/estuary/dryland 
ecotone. 
Later prehistoric sites on estuaries, such as the Glastonbury Lake Village (Coles 
and Minnit 1995), have demonstrated the attraction of such areas for human 
communities and the full exploitation of the many resources that they offered. It is likely 
that the Medway Estuary provided just such a rich habitat for much of later prehistory. 
The constant change in environments caused by rising sea-level and changes in the 
terrestrial landscape would have provided a suite of ever-changing, but abundant 
resources. The constant presence of humans in the area supports the contention that the 
floodplain and surrounding areas provided an attractive resource base and place to live 
throughout the period of the Holocene in which sediments accumulated at the site. 
There are few indicators of human activity in Sections 9 and 11, with the 
exception of possible grassland taxa. The presence of a flint blade in the peat suggests 
that forays were being made into the wetlands in the Neolithic, possibly from the 
Neolithic and Bronze Age occupation, some signs of which were fund on the chalk cliff. 
The wetlands represented by the peat beds would have represented potentially useful, but 
difficult habitats to access. The swampy conditions in the upper part of Section 9 would 
have been impassable for much of the year making access to the river difficult. 
In Section 6, of broad Iron Age date, definite human impact on the landscape can 
be suggested. The presence of cereal awns and straw in charred form indicates, with 
quantities of charcoal and associated cultural material, that the local inhabitants were 
dumping the refuse from fires in the river. The presence of cereals confirms local 
cultivation at this point. Evidence of grassland, which could only have persisted with 
human intervention through maintaining grazing or by cutting (Greig 1988), 
demonstrates a marked human impact on the local flora, even at the upper end of the 
saltmarsh. It shows the existence of an open landscape by this point, as opposed to the 
natural wooded landscape represented in Section 16, with impact on clay and other non- 
calcareous soils in the area. By the period of deposition of sediment in Trench 7, chalk 
grassland also became established. 
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Indirect evidence of human impact can be suggested for the hydrological changes 
in Section 6. Iron Age clearances were widespread and the evidence from the Medway 
may suggest an expansion of local clearance and grazing during the period. The later 
increase in groundwater seen in Section 9 may also have been influenced by terrestrial 
landscape changes and may indicate local or catchment-scale clearances. If so, this would 
follow a pattern noted elsewhere in southern Britain for clearance in the third millennium 
(e. g. Burrin and Scaife 1984; Scaife and Burrin 1992). 
One area of interest highlighted in the original project design was the 
identification of `activity surfaces', that is areas that are accessible to humans. In the 
initial site reports these were identified with the periods of peat deposition. The evidence 
from the plant macrofossil analysis suggests that access was not easy in any of the 
periods of organic deposition and that the association of peat with accessibility is 
spurious. Many of the sandy-silt deposits in Section 16 would have been far more 
accessible that the wet swamps that characterise much of the analysed sediment. The 
floodplain would have only provided secure footing in some marginal habitats where 
dense root networks and moderate groundwater levels were present. 
5.5.4 Usefulness of Method 
Application of the plant macrofossil analytical method to the sediments from the 
Medway Tunnel site was successful, but not without problems. Samples from the 
compacted, and on occasion dried sediments, were difficult to disaggregate adequately 
and macrofossil extraction could be difficult. Some damage was inevitably caused to the 
macrofossils, potentially reducing the quantity of vegetative remains identified. Samples 
from Section 9 were particularly difficult to recover. Identification proved to be 
successful, with the leaves in Section 16 being particularly well preserved. Fragmentation 
was high in many of the sediments and no non-arboreal Dicotyledon leaves or other 
aerial components were identified. Some were present, though decay was so advanced 
and anatomical structures often so obscure that secure identification was not possible. 
Monocotyledon preservation was better and the identification easier and more successful 
as seen in the modern sites (Chapter 4). 
The cover abundance method was found to be sometimes difficult to apply and 
the compounded errors in the method and conversion to C02 figures do raise questions 
about the results. It should be noted that the figures have been used with caution and 
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only major changes in macrofossil abundance have been given any interpretative weight. 
More importance was given to the presence of large versus small quantities of 
macrofossils, than tiny changes in actual figures to several decimal places. The results 
usually agreed with the subjective impression gained by `eyeballing'. However, the 
systematic methods of sample analysis often brought to attention groups of macrofossils 
that were overlooked or under-identified. The use of the relative, raw cover abundance 
figures was useful in checking patterns and identifying the effects of changes in 
sedimentation rate, and perhaps more systematic use of these figures in analysis would be 
useful. Experiments with CA and CCA plots during the initial stages of analysis did, 
however, suggest that there were limited differences between plots made using cover 
abundance and CO2 values. The cover abundance method is gradually becoming 
established in ombrotrophic peat sequences (Barber et al. 1994) and the research 
presented here suggests that wider application is possible. 
Results of quantitative analysis were coherent and some of the patterns were also 
consistent with those seen in the modern sediments, although many of the sediments 
were from non-analogue environments. The method did produce useful results and while 
the significance of quantitative data has to be carefully considered, the abundance data 
and the wide suite of classes of macrofossils present allowed for more secure 
interpretations of past vegetation and environment. The quantification of macrofossil 
classes itself provided useful data and was significant in identifying particular 
environmental conditions, such as the presence of standing water in Section 16. The 
comparability of samples from the modern and ancient sediments has to be questioned. 
Much smaller sample sizes were required to provide useful data in the Medway Tunnel 
sites, a result of greater compaction of those sediments. A greater time-depth is likely to 
be present in the same 2cm depth as in those of modem sediments. This does not 
preclude the comparison of these data sets but does open up the possibility of different 
time-concentration effects producing non-analogue assemblages. 
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6 Discussion 
Plant macrofossil analysis of Holocene alluvial sediments has typically focused on a 
narrow suite of remains, especially seeds and fruits, and has suffered from a lack of 
understanding of the formation processes of macrofossil assemblages in temperate 
environments. The work presented in the preceding chapters has, given certain provisos, 
successfully extended the analytical methods available to alluvial macrofossil 
researchers. Analysis of waterlogged macrofossils from alluvium is, however, a difficult 
technical task. Quantification and identification are problematical because of the nature 
of the source material and the lack of accessible systematic accounts of identification 
criteria. The range of taxa included in the identification work in Chapter 3 is limited, 
being tailored to the taxa and types of remains expected in the range of environments 
extant in the modern alluvial sites. Further development of the range of taxa is required 
if secure identifications are to be made and a wider range of macrofossils and facies is 
to be analysed. The work presented here does, however, provide a core reference 
collection and includes most of the key taxa to be expected in Holocene alluvial facies 
at genus or family level. Additionally, organs at different stages of growth and from 
multiple populations would improve the reference source further. 
The quantitative methods used here for recording non-seed macrofossils have 
substantial in-built errors. Conversion of non-seed cover abundance from percentages to 
facilitate comparison between samples incurs more errors. In spite of this, the figures 
produced were still useful and similarities between the values generated for modern and 
ancient sediments supports the notion that they are of use. Non-seed cover abundance 
values provide information lying between the rather generalised Troels-Smith type 
descriptions from sections and cores and full identification and quantification of every 
single macrofossil, a possibility that is practically infeasible. It is interesting to note the 
difference between the detailed macrofossil abundance values and Troels-Smith figures. 
The latter showed limited variability and were of little interpretative value, showing 
only gross macrofossil changes that were useful at a general level only, and missed 
much of the subtlety in the macrofossil assemblages. 
A note of caution has to be sounded, however, as small variations in macrofossil 
abundance should not be given too much interpretative weight. The converted cover 
abundance figures (CO2) provide a means of comparing non-seed abundance between 
samples. It is also important to look at the raw cover abundance and converted figures 
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to see whether changes in macrofossil abundance are due to overall differences in 
macrofossil influx or whether they reflect changes in surface vegetation. 
Seeds and other countable remains were used to calculate seed and species 
concentration data. Meaningful trends were found in these indices in the modern data 
and they were used to some effect in the Medway Tunnel analysis. Further indices could 
have been generated and used and in the early stages of analysis Shannon-Weiner and 
Menhinicks diversity indices were calculated for several sites. The results have not been 
included here because of reasons of space, although interesting trends were noted. The 
use of a wider range of data manipulations is a potentially fruitful source of 
investigation, as has been shown in the analysis of leaf incorporation in backswamp 
facies (Gastaldo et al. 1989). These indices complement standard analytical procedures, 
providing a different range of analytical tools that help to refine interpretations based on 
taxonomic quantification. The range of indices calculated in this project has been 
limited and rather obvious. Others linked to specific environmental parameters could be 
generated, as suggested by Hubbard and Clapham (1992). 
One part of the method beyond the normal remit of archaeobotanists is the use 
of LOI figures to calibrate CO2 figures. Organic percentage figures also provided an 
independent source of data that showed coherent variation in response to environmental 
gradients. Textural data also provided vital interpretative data. The dependence of the 
method on LOI figures shows the need for a broad approach to macrofossil analysis if 
meaningful interpretations are to be provided. If one rule of thumb could be suggested 
for a broad-scale macrofossil analysis, it is the need for flexibility in the approach 
adopted to cope with the innate complexity of the assemblages. Alluvial plant 
macrofossils are best studied as part of an interdisciplinary, facies-based approach and 
while individual analysis provides useful data, other sources are required to realise full 
interpretative potential. Furthermore, analysis of a range of macrofossils, including seed 
and non-seed classes, provides a much stronger base for interpretation than analysis of 
any one class of macrofossils in isolation. Only a combination of datasets would 
provide the means to distinguish creek sediments in upper saltmarshes, for example, if 
possible at all. 
Two sets of properties were useful in the interpretation of macrofossil 
assemblages, namely quantitative and presence data about macrofossil classes (leaves, 
stems, etc. ) and the quantitative taxonomic data (e. g. x quantity of leaves of n species). 
Both properties were mutually re-inforcing in the interpretation. The former provided 
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detail about the depositional environment and the structure of the vegetation, while the 
latter provided more detail for each of these and the detailed floristic properties of the 
vegetation. Both sets of data were important for providing an accurate interpretation. 
There is some potential for abandoning taxonomic cover abundance identifications and 
simply recording macrofossil classes as a basis for interpretation. This would form a 
rapid means of assessing the non-seed data and would furnish basic environmental and 
structural interpretations, although the floristic depth of the interpretation would be 
limited. 
A fragmentation index was not developed in the research, although this was tried 
in the early stages. An attempt was made to provide a universal recording system in 
which fragmentation, macrofossil classes and taxonomic properties were recorded. This 
proved beyond the competence of the investigator. In the event, fragmentation was 
described verbally. Development of a simple comparative fragmentation index would be 
useful. Coherent patterns of fragmentation were noted in the estuarine sediments 
suggesting that it is a useful and meaningful interpretative parameter. Fragmentation 
alone would have provided a reliable means of identifying mudflat samples and those 
from transitional mudflat-saltmarsh habitats. Murphy and Wiltshire (1994) have 
developed a preservation index that may provide a useful template for a general 
macrofossil fragmentation index. It is useful in that it scores individual macrofossil 
groups and so recognises the heterogeneity of the assemblages. Use and development of 
this system was not attempted, but would be a useful additional interpretive tool. 
The actualistic taphonomic research presented here (Chapter 4) supports work 
from alluvial habitats elsewhere in the world, showing that the macrofossil record can 
be understood and can provide a basis for environmental and vegetation interpretation. 
The observations of modern macrofossil accumulation in estuarine and floodplain 
habitats provided useful analogue data for interpreting ancient macrofossil assemblages. 
General trends in incorporation in similar depositional environments were observed, and 
repeated trends in the preservation of the parts of different taxa were also noted 
(Chapter 4). 
British researchers have been the main investigators of seed incorporation, 
although few studies have been made in comparative environments. Even so, some 
parallels with the trends seen in this work are present. Most workers were in agreement 
that in most habitats seeds are derived from near the sample point if not from vegetation 
growing at it (Greatrex 1983; Collinson 1983; Field 1992). Field (1992) noted the 
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presence of aerially dispersed seeds in many samples as allochthonous elements, 
especially Typha sp., an observation supported here. Epilobium spp., a common 
allochthonous find in the sites studied here, has been found as an allochthonous 
component at several sites (Greatrex 1983; Field 1992). Collinson (1983) noted the 
widespread dispersal of the seeds of aquatic species. Few were recorded in the estuarine 
sediments suggesting that perhaps dispersal is limited in distance and seeds from 
freshwater aquatics are unlikely to enter estuarine sediments in traceable quantities. 
Interestingly Greatrex (ibid. ) found Carex spp. to be over-represented, whereas 
in all of the modern sites in this research it was either present in approximate proportion 
to its presence, or under-represented. In both of these researches, as well as Field 
(1992), Solararm dulcamara and Iris pseudacorus were under-represented in the seed 
rain, while Alnus sp. and Betula sp. were commonly widely dispersed and the latter was 
over-represented. The research presented here agrees with Greatrex's assertion that non- 
seed components, specifically catkin scales, were a more reliable indicator of local 
presence than seeds. As well as catkin scales, bud-scales can also be added as a spatially 
precise indicator, although only if several are preserved in a sample. Greatrex was the 
only worker to note the dominance of Phragmites sp. vegetative remains in peatland 
dominated by the species, again a contention supported here. 
Greatrex noted the uneven distribution of seeds in mire surfaces and the 
preceding work shows that uneven distribution of seed rain is also common to several 
estuarine and floodplain habitats, although the severity varies. The mire samples at 
Hickling Broad showed a particularly strong local distribution pattern. Seed 
concentrations tended to relate in terms of taxa to the surrounding vegetation and the 
most abundant taxa were usually important vegetation constituents. Careful reading of 
the seed data was, however, necessary, as was an understanding of the depositional 
environment if seed abundance was to be properly interpreted. The seed rain in the 
saltmarshes was often more homogenised that that of the mires and, while concentration 
effects were noted, tidal action served to mix the seeds over the marsh surface, severity 
of mixing depending on sample position. 
Workers on pre-Quaternary floras based in the USA, studying mainly arboreal 
leaf assemblages, have mainly studied non-seed macrofossil incorporation. Again, in 
most . cases the assemblages tend to 
be composed of macrofossils from nearby 
vegetation, although increasing quantities of allochthonous matter and overall lower 
incorporation rates of macrofossils in general have been noted in environments with 
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greater tidal influence (Burnham 1989; Scheihing and Pfefferkorn 1984; Gastaldo and 
Huc 1992). Backswamps and floodplain woodlands provide the most spatially accurate 
assemblages of leaves and most diverse assemblages of remains (Burham 1989; 
Gastaldo et al. 1989; Scheihing and Pfefferkorn 1984; Burnham et al. 1994). Unlike 
some deltaic environments (e. g. Scheihing and Pfefferkorn 1984) those from temperate 
estuaries sampled here incorporated plant macrofossils across the sediment surface, with 
incorporation and preservation being poor only in marginal sediments and those in 
raised, aerobic sediments such as creek edges (see Stonemarsh, Chapter 4). 
Heterogeneous vegetation in tropical environments has been found to require 
more intensive sampling to provide accurate leaf assemblages and accurate mapping 
(Burnham 1989), with less intensive sampling required in temperate forests (Burnham 
et al. 1994). The level of sampling in the wet-woodlands identified here was limited and 
while the canopy dominants provided most of the leaf remains, the potential for mis- 
representation of canopy composition has to be recognised. The small sample sizes used 
in Holocene studies, in comparison to pre-Quaternary palaeobotany, suggest a potential 
for unrepresentative datasets. It should be noted, however, that even small samples were 
found to indicate the canopy dominants accurately (Burnham et al. 1994) with such 
sizes reducing the accuracy of interpretations of minor canopy elements rather than 
negating the whole interpretation. 
This is a pattern seen in most of the modern samples and all of the Block 
samples analysed in this research and suggests that even small samples have an 
important role to play in alluvial macrofossil analysis. This is important when 
considering the small volume available of sediment and related macrofossil sample size 
in many alluvial investigations. It also opens up the use of borehole investigations as a 
means of recovering low-precision, but still useful, macrofossil datasets and accurately 
identifying major vegetation elements and depositional environments. The larger 200 
cm3 samples used as the investigation standard provided adequate macrofossil samples 
in all except the mudflat samples where samples of 1000 cm3 or higher would have been 
required to produce a minimum of 100 identifiable units in many cases. It is debatable 
whether such large samples would produce useful information and if, in the case of 
mudflat samples, smaller samples provide as much relevant data as is necessary. Even 
when large samples with large quantities of seeds could be recovered from such 
sediments, many of the seeds would be allochthonous and the assemblages so mixed 
that only the presence of local taxa could be assured. Elsewhere the standard sample 
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size provided a sample of the dominant taxa and the rare types suitable for quantitative 
analysis. 
Although there is a broad correlation between the results in Chapter 4 and 
comparative studies in other areas of the world, much of the information provided here 
is new. The detail of macrofossil incorporation in estuarine environments, especially 
that of non-seed material, is not available elsewhere. A major trend, even in the 
dynamic environments of the saltmarsh, is the local source of most macrofossil 
material. The data from the block samples, albeit limited in quantity, also suggest that 
even subterranean structures provide temporally precise sources of data, exceptions 
being some of the deep-rooted taxa such as Phragmites sp.. Overall, the level of spatial 
and temporal resolution of macrofossil analysis is high, although it varies widely 
between different classes of macrofossils and in different depositional environments. 
Mudflat and creek environments have the lowest spatial and temporal fidelity, with 
macrofossil assemblages in creek edges being prone to severe erosion. Mudflat 
sediments are easily separated from others, although creeks, especially in the upper 
marshes, may not be so easily distinguished from surrounding sediments. Creeks are 
erosive features and are unlikely to contribute to the sedimentary record in any quantity, 
unless they are abandoned, in which case the sediments are discrete. Minor deposits of 
mud drapes and bars may be deposited during creek action and may not be so easily 
discernible. 
Spatial changes in vegetation and environment over mudflat-saltmarsh 
transitions and vegetated saltmarsh surfaces were reflected in the modern macrofossil 
records. Seed and non-seed records proved suitable for distinguishing the spatial 
variability between upper and middle saltmarsh at Snape Saltings, although exact local 
vegetation reconstruction, beyond determination of local dominants, was not possible. A 
major problem that cannot be observed is the obliteration of spatial patterns by later 
vegetation growth, although again it seems likely that temporal trends are recorded in 
macrofossil records, albeit in a slightly blurred fashion. 
The usefulness of macrofossil results for interpreting broader environmental 
change, such as sea-level, depends very much on the environment under study and 
whether clear environmental gradients can be associated with macrofossil abundance. 
Although saltmarsh environments are zoned in relation to tidal levels, it was clear from 
the evidence at Snape Saltings and Stonemarsh, the most complete active environments 
in the project, that zonation at a micro-scale level is complex. Local factors, such as the 
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penetration of creeks, allowed the formation of islands of apparently lower to middle 
marsh vegetation, preserved in upper marshes. The position of a stand of vegetation is 
determined by local factors and in mature marshes local topography may make a 
confusing association of vegetation communities if viewed at a very small spatial scale. 
Unfortunately macrofossil samples are essentially samples of vegetation from a small 
spatial area. In saltmarshes, however, the mixing of the seed rain provides a useful 
corrective for the skewed picture provided by local incorporation, allowing broad zones 
to be identified as well as local vegetation dominants, although the non-seed 
macrofossils are likely to favour Monocotyledon taxa. There is, however, no easily 
readable direct link between sea-level and local macrofossil incorporation. There is 
basically a local macrofossil pattern based on local vegetation and sedimentation 
processes (e. g. creek water penetration) overlain by a larger pattern determined by 
major flood events and tidal properties. 
Macrofossil preservation in transitions to dryland were particularly under- 
represented, with only one being sampled, namely a truncated transition at Snape 
Saltings. The increasing influence of groundwater and runoff was visible in the 
accumulation of peat, although tidal influence was still apparent with growth of some 
saltmarsh taxa. The odd composition of the environment, with saltmarsh Dicotyledon 
herbs and large expanses of open peat, suggest that transitional conditions may be 
locally specific and produce rather odd floristic and structural plant communities. 
Another problem with the data was that of most of the sites containing stable marshes 
only Stonemarsh has a dynamic transitional marsh. It seems possible that rapid changes 
over low-lying marsh surfaces are possible in rapid periods of sea-level adjustment, as 
in the early Holocene. Non-analogue macrofossil composition should be expected in 
such scenarios, with sedimentation rates perhaps being enhanced if sea-level rise was 
rapid. If the vegetation composition were similar to that in recent vegetation 
associations, similar relative compositions would be expected in samples. Higher 
sedimentation may also reduce the effect of temporal mixing in such environments. 
Although macrofossil analysis provides information of high taxonomic detail, it 
seems unlikely that in most cases detailed, NVC-like reconstruction of vegetation are 
attainable. Macrofossils still move and are concentrated locally in sometimes confusing 
mixtures. Ironically, some of the most difficult macrofossil assemblages to disentangle 
were those allochthonous assemblages from the fens at Hickling. The implications for 
palaeoecology are that spatially and temporally accurate records of the ecological 
416' 
dominants and some other taxa that produce large quantities of seeds or structural 
remains are attainable. Detailed study of community formation and development, if 
based on the presence of a small quantity of a particular taxon may not be possible. 
Some of the sub-divisions in the NVC are based on relatively small floristic changes 
(e. g. wet woodland sub-communities) and may simply be unidentifiable even in well- 
preserved assemblages. This should not mask the potential for macrofossil analysis to 
improve taxonomic resolution greatly in vegetation reconstructions of alluvial 
environments. The method offers a powerful tool for detailed vegetation mapping, 
especially important in the determination of the context of human use of such 
environments. 
It became obvious during fieldwork that using observations from modern 
environments as a basis for interpreting past phenomena is fraught with problems, 
especially when there has been such obvious human impact on the ecology and 
dynamics of the environments under study. Even ungrazed, unenclosed environments 
(e. g. Snape Saltings and Borstal Marsh) could not be guaranteed to be free from human 
influence, as river control and land-use change has influenced river discharge regimes, 
sediment loading, groundwater height, runoff rates and surrounding ecology. Rather 
than providing direct analogues of macrofossil incorporation in past environments, the 
study presented here provides details of macrofossil incorporation from known plant 
taxa in sediments deposited under known conditions. The results required careful 
consideration before being applied to ancient sediments and it was clear that the 
interpretation of ancient sediments has to be open to considering combinations of 
macrofossils outside those observed in the modern environments. 
Application of the method to the macrofossil assemblages from the Medway 
Tunnel site (Chapter 5) showed that meaningful results are attainable for ancient 
sediments. A complex set of facies was sampled at the site and the fragmented nature of 
the strata meant that while detailed investigation of single sections and transitions was 
possible, no single profile was available for the site. Macrofossil analysis indicates a 
complex set of changes in hydrology linked to the balance between tidal influence, 
determined by sea-level and basin shape, river discharge, groundwater height and 
runoff, the latter three determined by climatic and catchment controls. The presence of 
leaf beds is suggestive of swamp-woodland conditions in the lower section of the site 
and episodes of high water are seen throughout the profile. Much of the evidence higher 
in the profile is for open upper-saltmarsh swamps and transitional zones that were not 
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seen in any modern sites. The higher variability in macrofossil composition and facies is 
in fact what would be expected in natural sedimentation conditions. This evidence adds 
to the theoretical suggestion that use of modern `template' analogues is not a suitable 
means of investigating past environmental phenomena. A better approach is to be aware 
of the variation in taphonomic influences on macrofossil preservation in specific 
conditions. 
There is also some evidence in the allochthnous sample flora of increasing 
human impact on the landscape and removal of woodland along the valleys during the 
period of deposition. This general trend is similar to that seen along many of the river 
valleys of Europe (Brown 1997) and in the southeast of England. Human activity is also 
seen directly in the deposits paralleling finds of human use and movement through 
wetland settings in the region (e. g. Meddens and Beasley 1990; Chew 1993; Meddens 
1993; Barham et al. 1995; Wilkinson and Murphy 1995; Rackham 1994) and elsewhere 
from the Mesolithic onwards (Coles 1987; Van de Noort and Davies 1993; Cowell and 
Innes 1994; Gramsch 1991; Andersen 1987; Bell and Neumann 1997). Human access 
was a major focus of research in the broader archaeological project of which this work 
formed a part. The inaccessibility of several `peatland' environments in the Medway 
tunnel sequence has been discussed above (Chapter 5) and suggests that blanket 
pronouncements about the accessibility of environments made on the basis of cursory 
examination of sediments should be avoided. Saltmarsh environments could have been 
as accessible or inaccessible as the freshwater and transitional environments. In fact 
there is evidence from the Severn estuary that saltmarsh habitats were used for grazing 
in prehistory as they have been in recent times, showing that many alluvial 
environments have long been exploited by human communities (Bell and Neumann 
1997). 
The macrofossil interpretation offered here suggests that sea-level rise affected 
the Medway Tunnel site directly at approximately 7000 BP, after a period of increased 
flooding and rising groundwater caused by sea-level rise lower in the basin. The wide 
lower estuary would have provided a large basin in which tidal incursion would have 
been absorbed over a large area. When the tidal head neared the narrows of Chatham 
Reach, river discharge may have pooled up behind the highest tidal incursion forming a 
freshwater pool that flooded a wide area upstream of the tide. This may explain the 
swamp-like sediments in the Section 16 leaf-beds, sustained by regular and deep 
flooding. Once the tidal head reached the Chatham Reach, the narrowing of the channel 
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may have led to rapid tidal incursion far up the valley. The rapid replacement of the 
swamp environment of Section 16 by active mudflats after a brief period of reedbed 
development is entirely consistent with this theory. The transition at the top of the leaf 
beds may, therefore, have been as rapid as the small depth of sediment would suggest. 
Only one major sea-level stillstand seems to be suggested, namely at 4800 BP. 
Peat formation during this period occurred over much of the eastern bank of the 
Medway at this constricted point in the valley. That this episode of peat deposition 
could have occurred over such a wide area under conditions of rapid sea-level rise, 
caused by high groundwater or river discharge (cf. Haggart 1995) seems unlikely. 
Increased groundwater penetration would have influenced the upper edges of the 
saltmarsh (cf. Snape Saltings; Section 11); however, it seems unlikely that even the 
highest discharges could have overcome tidal influence if sea-level was sustained or 
rising. Channel movement is restricted in the narrows at Chatham, discounting the 
possibility of isolation of the area from tidal inundation because of channel movement. 
The only possibility that adequately explains peat formation on such a scale in this 
setting is a slowing of sea-level rise, or stillstand combined with higher groundwater 
and runoff. Widespread isolation from tidal influence in this environment would have 
only required a modest change in conditions. 
Higher deposits can be interpreted as the result of changes in catchment 
conditions within an overall trend of increasing sea-level. A single episode of silty-peat 
formation in Section 6 can be equated with a period of increased catchment-water 
runoff at approximately 3000 BP. The peat deposition at 4800 BP corresponds to a 
wider event seen in the Thames Basin (Devoy 1979; Tyers 1988; Skempton 1995), the 
Essex rivers (Greensmith and Tucker 1971; Wilkinson and Murphy 1988,1995) and the 
lower marshes on the river Medway itself (Evans 1955). 
Evidence in Section 6 for increasing runoff or groundwater correlated well with 
observations elsewhere in the Thames Basin and the southeast as a whole, of changes in 
hydrology and sedimentation caused by deforestation. Deforestation becomes more 
clearly registered in the pollen record across Southern Britain in the Bronze Age (Pryor 
1988; Moffet et al. 1989) when the impact on forest composition and the openness of 
the landscape became more permanent (Scaife 1987). Large, permanent clearings within 
woodland became established in some areas, especially on the chalk (Scaife ibid. ). 
Alder woodland still dominated the alluvium of the floodplains which were yet to be 
drained and deforested (e. g. Tyers 1988; Meddens and Beasley 1990; Thomas and 
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Rackham 1996). The Stour Valley was subject to at least partial clearance by ca. 3500 
BP (Fairbairn 1998; Lowe et al. 1998) and in the Upper Thames some grassland had 
developed (Lambrick and Robinson 1988), chalk and mesotrophic grassland being well 
represented at Runnymede along with heath and woodland (Greig 1992a). Deforestation 
occurred by ca 3000 BP near Canterbury at Wingham, Kent and also at Frogholt, near 
Folkstone, by ca 3000 BP (Evans 1975). 
These changes in catchment vegetation are similar to those seen elsewhere in the 
region at around 3000BP, linked to groundwater rise (Lambrick and Robinson 1984), 
increased runoff (Burrin 1983; Burrin and Scaife 1984; Bell 1982; Scaife and Burrin 
1992) or climatic change (Waller et al. 1999). The identification of this trend is 
significant in the Medway valley as so little work has been done in the catchment, but it 
is not unambiguous and requires support from pollen and other studies to confirm it. 
Though direct macrofossil evidence of the post-Roman sea-level rise (Evans 1953) was 
not analysed, the abandonment and inundation of the Romano-British settlement at the 
site suggests that the trend was seen higher in the valley. 
The Medway Tunnel strata show no evidence for the repeated formation of peat 
layers that typifies tidal sections of the Thames valley. The peat formed by sea-level 
regression in Section 9 correlates with the Tilbury III regression of Devoy (1979). Other 
organic episodes correlating with the other Tilbury regressive phases are lacking. This 
may be due to the position of the sections and the lack of comparative material up and 
down stream. It may also be caused by a higher rate of subsidence in the Medway 
Estuary, the sinking bedrock counteracting changes in sea-level. Tilbury I does not 
overlap temporally with the period of deposition at the site, but is found in the Lower 
Medway Basin at the isle of Grain (Devoy 1979). Tilbury II does overlap temporally 
with the period of deposition, but is not registered in the deposits. This may indicate that 
the peats identified by Devoy are not responses to a single event, or that the peculiar 
conditions of Chatham Reach effectively buffered the changes. The later episodes of 
sea-level regression were not recorded in the strata at all. Later sea-level changes would 
not have necessarily registered at Chatham as the site would, by 1750 BP and 1000 BP, 
have been well within the tidal range. 
The presence of Alnus-dominated woodland formations in Sections 16 and 9 
indicates that the plant is capable of withstanding periods of deep water immersion and 
regenerating over considerable periods of time. This is consistent with the observations 
of Waller et at. (1999) who have questioned the notion that alder can is a seral 
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formation in coastal settings. It seems clear that Ahrus was the dominant arboreal taxon 
in the wet-woodlands at Chatham, with macrofossil evidence being overwhelming and 
being supported by pollen data (Branch 1994). Although Salix was present in both 
sources of data, it was usually present only in small numbers and was only visible 
widely in Section 16 in the macrofossil assemblages. The abundance of leaf and bud- 
scale remains, as well as seeds of alder and converse lack of Salix remains is consistent 
with alder domination. One exception is the central section of the leaf-bed in Section 16 
where Salix leaves were dominant. This suggests that Salix was locally dominant at the 
time, perhaps forming a swamp community in deeper water sections of the site. The 
Section 16 assemblage is consistent with a swamp carr formation. Salix was almost 
absent from Section 9 and the interpretation of this assemblage is of an alder can or 
Alnus-dominated swamp-carr. Maintenance of these vegetation formations may be due 
to continuous rises is groundwater levels, dependant on sea-level and catchment 
changes and Alnus is clearly capable of regeneration in such environments for long 
periods. 
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7 Conclusion 
The research presented herein is wide-ranging and some of the individual elements 
require further development, especially the leaf and epidermis identification criteria, if 
they are to become standard elements in the plant macrofossil analysis of alluvial facies. 
Identification and quantification of heterogenous macrofossil assemblages was difficult. 
The data provided by the cover abundance method described here have a substantial 
built-in error, making only major changes in abundance worthy of interpretative value. 
The analysis of macrofossil assemblages from modem alluvial sediments showed that 
coherent patterns of macrofossil representation were identifiable and that accurate 
interpretations of the depositional environment and standing vegetation were possible. 
Patterns of over- and under-representation of taxa and structures were noted, some of 
which supported earlier work. Coherent patterns were identified in the analysis of the 
Medway Tunnel site that have led to important interpretations about the vegetation, the 
wider environment and long-term trends in sea-level in the Medway valley. 
The work suggests that there are no hard and fast rules in macrofossil analysis 
and interpretation. The heterogenous nature of the assemblages and the complexity of 
the environments in which they are preserved means simple application of calibration 
figures to abundance values will not provide meaningful interpretations. Each 
assemblage has to be considered individually with a consideration of the preceding and 
following sediment episodes. Macrofossil assemblages are local accumulations that 
reflect ante- and post-depositional factors. Ultimately the most complete interpretation 
of macrofossil assemblages is provided by use of standard quantitative data with species 
and seed concentration figures, presence analysis, sedimentological information, seed 
concentrations and other derived indices. Modern observations of deposition in 
analogous environments are essential; however, the limitations of such an approach in a 
human impacted planet must be considered. 
The research presented here provides some answers to questions concerning the 
usefulness and full exploitation of plant macrofossils in alluvial sediments. Other 
approaches should be tried and this work provides only an entry point and 
demonstration of the potential of the approach. In Southeast England as a whole and the 
Lower Thames Basin in particular, alluvium provides a diminishing but vital 
archaeological and palaeoenvironmental resource. Alluvium is also common around the 
coastline of Britain and across Northern Europe, again providing an important resource. 
Plant macrofossil analysis provides a potentially important means of investigation and 
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the observations presented here suggest that generalised schemes of recording such as 
the Troels-Smith system and derivatives (e. g. Waller 1994) are not adequate for 
understanding the subtlety of local vegetation dynamics. Restricting macrofossil 
inclusion in palaeoenvironmental investigations to such systems of recording is not 
good enough and provides a homogenised record that may simplify some of the more 
subtle signatures challenging established interpretations (e. g. Haggart 1995). Further 
refinement of investigations of alluvial facies sequences requires the kind of data that 
macrofossil analysis provides and a more systematic, widespread application of the 
method as part of inter-disciplinary projects can only improve our understanding of the 
past. 
423 
Bibliography 
Aaby, B, and Berglund, B E, 1986, Characterisation of peat and lake deposits. In BE 
Berglund (ed. ), Handbook of Holocene Palaeoecology and Palaeohydrology. 
Chichester. J. Wiley and Sons. 231 - 246 
Adam, P, 1990, Saltmarsh Ecology. Cambridge. Cambridge University Press 
Allen, JRL, 2000, Morphodynamics of Holocene salt marshes: A review sketch from 
the Atlantic and Southern North Sea coasts of Europe. Quaternary Science Reviews, 
19,1155-1231 
Allen, T, Hey, G, and Miles, D, 1997, A line of time: approaches to archaeology in the 
Upper and Middle Thames Valley, England. WorldArchaeology, 29,114 - 129 
Allen, T, Macpherson-Grant, N, McNabb, J, Savage, A and Wilson, T, 1995, 
Archaeological works on the Eastern Approach of the Medway Tunnel: a re- 
assessment. Canterbury Archaeological Trust report 
Andersen, S, 1987, Tybrind Vig: A submerged Ertebelle settlement in Denmark. In J 
M Coles and AJ Lawson (eds. ), European Wetlands in Prehistory. Oxford. Clarendon 
Press. 253 - 280 
Anicbor, E, 1979, Systematic anatomy of vegetative organs of the Hydrocharitaceae. 
Botanical Journal of the Linnaean Society, 78,237 - 266 
Arber, A, 1920, Water Plants: A study of aquatic Angiosperms. Cambridge. 
Cambridge University Press 
Arber, A, 1925, Monocotyledons: A morphological study. Cambridge. Cambridge 
University Press 
424 
Baker, R G, Schwert, D P, Bettis; EA III, and Chumbley, C A, 1993, Impact of Euro- 
American settlement on a riparian landscape in northeast Iowa, midwestern USA: An 
integrated approach based on historical evidence, floodplain sediments, fossil pollen, 
plant macrofossils and insects. The Holocene, 3,314 - 323 
Barber, K, 1981, Peat stratigraphy and climate change: a palaeoecological test of the 
theory of cyclic bog regeneration. Rotterdam. A. A. Balkema 
Barber, K E, Chambers, F M, Maddy, D, Stoneman, R, and Brew, J S, 1994, A 
sensitive high-resolution record of late Holocene climatic change from a raised bog in 
northern England. The Holocene, 4,198 - 205 
Barham, A J, Bates, M R, Pine, C A, and Williamson, V D, 1995, Holocene alluvial 
stratigraphic architecture and archaeology in the Lower Thames area. In DR 
Bridgland, P Allen and BA Haggart, The Quaternary of the lower reaches of the 
Thames. Quaternary Research Association Field Guide, 85 - 98 
Bates, M, and Barham, A J, 1995, Holocene alluvial stratigraphic architecture and 
archaeology in the lower Thames area. In DR Bridgland, P Allen and BA Haggart, 
The Quaternary of the lower reaches of the Thames. Quaternary Research Association 
Field Guide. 99-106 
Bates, M R, and Bates, C R, 2000, Multidisciplinary approaches to the 
geoarchaeological evaluation of deeply stratified sedimentary sequences: Examples 
from Pleistocene and Holocene deposits in Southern England, United Kingdom. 
Journal ofArchaeological Science, 27,845 - 858 
Battarbee, RW 1988, The application of diatom analysis in archaeology. Journal of 
Archaeological Science, 15,621 - 644 
Baxter, M J, 1994, Exploratory multivariate analysis in archaeology. Edinburgh. 
Edinburgh University Press 
425 
Bazzaz, F A, and Ackerly, D D, 1992, Reproductive allocation and reproductive effort 
in plants. In M Fenner (ed. ), Seeds: the ecology of regeneration in plant communities. 
CAB International 
Beckett, S C, 1978a, Palaeobotanical investigations at the Diffords I site. Somerset 
Levels Papers, 4,101 -106 
Beckett, S C, 1978b, The environmental setting of the Meare Heath track. Somerset 
Levels Papers, 4,42 - 46 
Beckett, SC 1979, The environmental setting of the Sweet Track, Drove site. 
Somerset Levels Papers, 5,75 - 83 
Behre, K E, 1986, Analysis of Botanical macro-remains. In 0 van de Plassche (ed. ), 
Sea-level research: a manual for the collection and evaluation of data. UNESCO. 
413-433 
Behrensmeyer, A K, and Hook, W, 1992, Palaeoenvironmental contexts and 
taphonomic modes. In AK Behrensmeyer, JD Damuth, A Dimichele, R Potts, HD 
Sues and SL Wing, Terrestrial ecosystems through time. Chicago. University Press. 
15 - 136 
Behrensmeyer, A K, and Kidwell, S M, 1985, Taphonomy's contribution to 
paleobiology. Paleobiology, 11,105 - 119 
Beijerinck, W, 1947, Zadenatlas der Nederlandsche Flora. Veenman 
Bell, M, 1982, The effects of land-use and climate on valley sedimentation. In A 
Harding (ed. ), Climate change in later prehistory. 127 - 142 
Bell, M, 1983, Field Survey and excavation at Goldcliff, Gwent 1993. Archaeology in 
the Severn Estuary: Annual report of the Severn Estuary Levels Research Committee, 
81-101 
426 
Bell, M and Nuemann, H, 1997, Prehistoric intertidal archaeology and environments in 
the Severn Estuary, Wales. WorldArchaeology, 29,95 - 113 
Bell, P, 1992, Green Plants: their origin and diversity. Cambridge. Cambridge 
University Press. 
Bennie, J, 1895, On the occurrence of peat with arctic plants in boulder clay at 
Faskine, near Airdrie, Lanarkshire. Transactions of the Geological Society of 
Glasgow, 10,148 - 152 
Berggren, G, 1969, Atlas of seeds and small fruits of north-west European plant 
species with morphological descriptions Part 2: Cyperaceae. Lund. Berlingska 
Boktryckeriet 
Berggren, G, 1981, Atlas of seeds and small fruits of north-west European plant 
species with morphological descriptions. Part 3: Salicaceae - Cruciferae. Lund. 
Berlingska Boktryckeriet 
Berlyn, G P, and Miksche, J P, 1976, Botanical Microtechnique and Cytochemistry. 
Iowa State University Press 
Birks, H H, 1973, Modern macrofossil assemblages in lake sediments in Minnesota. In 
HJB Birks and RG West (eds), Quaternary Plant Ecology. Oxford. Blackwell 
Scientific Publications. 173 - 188 
Birks, H H, 1993, The importance of plant macrofossils in Late-Glacial climatic 
reconstructions: an example from Western Norway. Qziateniary Science Reviews, 12, 
719 - 726 
Birks, H H, and Mathewes, R W, 1978, Studies in the vegetation history of Scotland. 
V. Late Devensian and Early Flandrian pollen and macrofossil stratigraphy at 
Abernathy Forest, Inverness-shire. New Phytologist, 80,455 - 484 
427 
Birks, HJB, and Birks, H H, 1980, Quaternary Palaeoecology. London. Edward 
Arnold 
Bower, F 0,1923, The Ferns (Filicales). Volume I: Analytical examination of the 
criteria for comparison. Cambridge. Cambridge University Press 
Bower, F 0,1926, The Ferns (Filicales). Volume II: The Eusporangiate and other 
relatively primitive ferns. Cambridge. Cambridge University Press 
Bower, F 0,1928, The Ferns (Filicales). Volume III: The Leptosporangiate ferns. 
Cambridge. Cambridge University Press 
Bridgland, D R, 1995, The Quaternary sequence of the eastern Thames basin: 
problems of correlation. In DR Bridgland, P Allen and BA Haggart The Quaternary 
of the lower reaches of the Thames. Quaternary Research Association Field Guide 
Brown, A G, 1986, Flint and Chert small finds from the Somerset Levels and Brue 
valley. Somerset Levels Papers, 12,12 - 27 
Brown, A G, 1988, The palaeoecology of Alnus (alder) and the post-glacial history of 
floodplain vegetation. Pollen percentage and influx data from the West Midlands, 
United Kingdom. New Phytologist, 110,425 - 436 
Brown, A G, 1997, Alluvial Geoarcheology. Cambridge. Cambridge University Press 
Brown, A G, and Keough, M K, 1992, Holocene floodplain metamorphosis in the 
Midlands, United Kingdom. Geomorphology, 4,433 - 445 
Brown, A G, and Brookes, A, 1997, Floodplain vegetation and sedimentation/erosion. 
In ARG Large (ed), Floodplain rivers: hydrological processes and ecological 
significance. London. British Hydrological Society, 30 - 39 
428 
Brown, A G, Stone, P and Harwood, K, 1995, The biogeomorphology of a wooded 
anastomosing river: the Geeragh on the River Lee in County Cork, Ireland. Leicester. 
University of Leicester 
Bulleid, A, and Gray, H St G, 1911, The Glastonbury Lake Village: a full description 
of the exavations and the relics discovered. Volume 1. Salisbury. Glastonbury 
Antiquarian Society 
Bulleid, A, and Gray, H St G, 1917, The Glastonbury Lake Village: a frill description 
of the excavations and the relics discovered. Volume 2. Salisbury. Glastonbury 
Antiquarian Society 
Bulleid, A, and Gray, H St G, 1948, The Meare Lake Village: a full description of the 
excavation and relics from the eastern half of the west village, 1910 - 1933. Volume 1. 
Privately Published. 
Burd, F. 1989. The saltmarsh survey: an inventory of British saltmarshes. Nature 
Concervancy Council Research Report 17. Peterborough: Nature Conservancy 
Council. 
Burnham, R J, 1989, Relationships between standing vegetation and leaf litter in a 
paratropical forest: implications for paleobotany. Review of Palaeobotany and 
Palynology, 58,5 - 32 
Burnham, R J, 1994, Patterns of tropical leaf litter and implications for angiosperm 
paleobotany. Review ofPalaeobotany and Palynology, 81,99 - 113 
Burnham, R J, Wing, S L, and Parket, G G, 1992, The reflections of deciduous forest 
communities in leaf litter: implications for autochthonous litter assemblages from the 
fossil record. Paleobiology, 18,30 - 49 
Burrin, P J, 1983, Holocene alluviation in southeast England and some implications for 
palaeohydrological studies. Earth Surface Processes andLandforms, 10,257 - 271 
429 
Burrin, P J, and Scaife, R G, 1984, Aspects of valley sedimentation and floodplain 
development in southern England. Proceedings of the Geologists Association, 95,81 - 
96 
Burrows, E M, 1991, Seaweeds of the British Isles. Volume 2: Chlorophyta. London. 
Natural History Museum 
Burrows, F M, 1973, Calculation of the primary trajectories of plumed seeds in steady 
winds with variable convection. New Phytologist, 72,647 - 664 
Cappers, RTJ, 1993, Seed dispersal in water: a contribution to the interpretation of 
seed assemblages. Vegetation History and Archaeobotany, 2,173 - 186 
Caseldine, A, 1988, A wetland resource: the evidence for environmental exploitation 
in the Somerset Levels during the prehistoric period. In, P Murphy and C French 
(eds. ) The exploitation of wetlands. Oxford. British Archaeological Reports, British 
Series 186.239 - 265 
Caseldine, A, Juggins, S. and Straker, V, 1988, Preliminary palaeoenvironental 
analysis of floodplain deposits from a section near the river Exe in Exeter, Devon. In P 
Murphy and C French (eds) The exploitation of wetlands. Oxford. British 
Archaeological Reports, British Series 186.145 - 162 
Chambers, F M, and Elliot, L, 1989, Spread and expansion of Alnus Mill. in the British 
Isles: timing, agencies and possible vectors. Journal of Biogeography, 16,541 - 550 
Chapman, V J, 1974, Saltmarshes and salt deserts of the world (second edition). 
Cambridge. Cambridge University Press 
Chapman, V J, (ed. ) 1977, Ecosystems of the world, l: -wet coastal ecosystems. 
Oxford. Elsevier Scientific 
430 
Chatterjee, J, 1964, Stomata in Equisetum ramosissimum Desf subsp. ramosissimum. 
Phytomorphology, 14,451 - 457 
Chew, S, 1994, Recent Wetland Discoveries in Barking, Essex, England. Wetland 
Archaeology Research Project (WARP) newsletter, 15,20 - 21 
Chippendale, H G, and Milton, WEJ, 1934, On the viable seeds present in the soil 
beneath pastures. Journal of Ecology, 22,508 - 531 
Chiu-Yu Chu, M, 1974, A comparative study of the foliar anatomy of Lycopodium 
species. American Journal of Botany, 61,681 - 692 
Clapham A R, and Godwin, H, 1948, Studies in the post-glacial history of British 
vegetation. VIII. Swamping surfaces in the peats of the Somerset Levels. 
Philisophical Transactions of the Royal Society of London, B. 233,233 - 249 
Clifford, M H, 1936, A Mesolithic flora in the Isle of Wight. Proceedings of the Isle of 
Wight Natural History and Archaeology Society, 2,582 - 594 
Coles, B J, 1987, Tracks across the wetlands: multi-disciplinary studies in the 
Somerset Levels of England. In JM Coles and AJ Lawson (eds. ), European Wetlands 
in Prehistory. Oxford. Clarendon Press. 145 - 168 
Coles, B J, 1990, Anthropomorphic Wooden Figurines from Britain and Ireland. 
Proceedings of the Prehistoric Society, 56,313 - 333. 
Coles, B J, 1998, Doggerland: A speculative survey. Proceedings of the Prehistoric 
Society, 64,45 - 82 
Coles, J M, and Minnitt, M, 1995, 'Industrious and fairly civilised. The Glastonbury 
Lake Village. Somerset Levels Project/Somerset County Council Museums Service 
431 
Collinson, J D, 1986, Alluvial sediments. In HG Reading (ed. ), Sedimentary 
environments andfacies. London. Blackwell Scientific Publications. 20 - 62 
Collinson, M E, 1983, Accumulations of fruits and seeds in three small sedimentary 
environments in southern England. Journal of Botany, 52,583 - 592 
Conard, H S, 1905, The Waterlillies: a monograph of the gemrs Nymphaea. 
Washington. Carnegie Institution 
Conolly, A P, Godwin, H, and Megaw, E M, 1950, Studies in the late-glacial history 
of British vegetation. XI Late-glacial deposits in Cornwal. Philisophical Transactions 
of the Royal Society of London, B234,397 - 409 
Conway, V M, 1942, Biological Flora of the British Isles: Cladium P. Br. Journal of 
Ecology, 30,211 - 216 
Cowell, R W, and Imes, J B, 1994, The Wetlands of Merseyside. North West 
Wetlands Survey 1. National Museums and Galleries on Merseyside and Lancaster 
University Archaeological Unit 
Cowie, R, and Eastman, D, 1997a, An archaeological survey of the foreshore in the 
Borough of Richmond upon Thames: Part 1, time and tide. London Archaeologist, 8, 
87-93 
Cowie, R, and Eastman, D, 1997b, An archaeological survey of the foreshore in the 
Borough of Richmond upon Thames: Part 2, down by the riverside. London 
Archaeologist, 8,114 - 121 
Cutler, D F, Rudall, P J, Gasson, P E, and Gale, RM0,1987, Root identification 
manual of trees and shrubs. London. Chapman and Hall 
432 
Delcourt, H R, Delcourt, P A, ' and Webb, T, 1983, Dynamic plant ecology: The 
spectrum of vegetational changes in time and space. Quaternary Science Reviews, 1, 
153 - 175 
Devoy, RJN, 1979, Flandrian sea-level changes and vegetational history of the Lower 
Thames estuary. Philisophical Transactions of the Royal Society of London, B285: 
335 - 407 
Devoy, RJN, 1982, Analysis of the geological evidence for sea-level movements in 
southeast England. Proceedings of the Grologists Association, 93,65 - 90 
Dickson, C A, 1970, The study of plant macrofossils in British Quaternary deposits. 
In, D Walker and RG West (eds. ), Studies in the vegetation history of the British 
Isles. Cambridge. Cambridge University Press. 233 - 254 
Dilcher, D L, 1974, Approaches to the identification of angiosperm leaf remains. The 
Botanical Journal, 40,1 - 157 
Dixon, P S, and Irvine, L M, 1977, Seetweeds of the British Isles. Volume I: 
Rhodopyhta. Part I: Introduction, Nemaliales, Gigartinales. London. Natural 
History Musem 
Dyer, K R, 1979, Estuaries and estuarine sedimentation. In KR Dyer (ed. ) Estuarine 
hydrography and sedimentation: a handbook. Cambridge. Cambridge University Press 
Edwards, A C, and Heath, G W, 1963, The role of soil animals in the breakdown of 
leaf material. In, J Doeksen and J van der Drift (eds. ), Soil organisms. 27 - 34 
Edwards, J M, and Frey, R W, 1977, Substrate characteristics within a Holocene Salt 
Marsh, Salepo Island, Georgia. Senckenbergiana maritima, 9,215 - 259 
Evans, G, 1965, Intertidal flat sediments and their environments of deposition in the 
Wash. Quarterly Journal of the Geological Society of London, 121,209 - 245 
433 
Evans, J G, 1975, The environment of early man in the British Isles. London. Elek 
Evans, J G, 1992, River valley bottoms and archaeology in the Holocene. In BJ Coles 
(ed. ), The wetland revolution in prehistory. London/Exeter. Prehistoric 
Society/WARP. 47 - 53 
Evans, J H, 1953, Archaeological horizons in the North Kent Marshes. Archaeologia 
Cantiana, 66,103 - 146 
Faegri, K, and Iverson, J, 1989, Textbook of pollen analysis. Chichester. J. Wiley and 
Sons 
Fahn, A, 1990, Plant Anatomy (fourth edition). London. Pergammon Press 
Fairbairn, A S, 1998, Dover Bronze Age Boat Plant Macrofossil Analysis. 
Unpublished technical report prepared for Canterbury Archaeological Trust 
Fasham, P J, and Monk, M A, 1978, Sampling for plant remains from Iron Age pits: 
Some results and implications. In JF Cherry, C Gamble and S Shennan (eds. ), 
Sampling in contemporary British archaeology. Oxford. British Archaeological 
Reports, 50,363 - 371 
Fenner, M, (ed. ), 1992, Seeds: The ecology of regeneration in plant communities. 
London. CAB International 
Ferguson, D K, 1985, The origin of leaf assemblages: new light on an old problem. 
Review of Palaeobotanry and Palynology, 46,117 - 188 
Ferguson, R I, 1981, Channel forms and channel changes. In J Lewin (ed. ), British 
Rivers. London. George Allen and Unwin. 90 - 125 
434 
Field, M H, 1992, A study of plant macrofossil taphonomy in lakes and rivers and its 
application for interpreting some Middle Pleistocene assemblages. Unpublished PhD 
thesis, School of Geography and Geology, College of St. Paul and St. Mary, 
Cheltenham. 
Fletcher, R L, 1987, Seaweeds of the British Isles. Volume 3: Fucophyta 
(Phyophyceae). Part I. London. Natural History Museum 
French, C, and Taylor, M, 1985, Dessication and destruction: the immediate effects of 
dewatering at Etton, Cambridgeshire. Oxford Archaeological Journal, 4,139 - 155 
Gale, S J, and Hoare, P G, 1991, Quaternary Sediments. London. Belhaven Press 
Galliard, M-J, and Lemdahl, G, 1994, Early-Holocene coastal environments and 
climate in southeast Sweden: a reconstruction based on macrofossils from submarine 
deposits. The Holocene, 4,53 - 68 
Gardiner, R V, and Dackombe, V, 1983, Geomorphological Field Manual. London. 
George Allen and Unwin 
Gastaldo, R A, 1987, Confirmation of Carboniferous clastic swamp communities. 
Nature, 326,869 - 871 
Gastaldo, R A, 1988, A conspectus of phytotaphonomy. Palaeontological Society 
Special Publication, 3,14 - 28 
Gastaldo, R A, 1989, Preliminary observations on phytotaphonomic assemblages in a 
subtropical/temperate Holocene bayhead delta: Mobile delta, Gulf Coastal Plain, 
Alabama. Review of Palaeobotany and Palynology, 58,61 - 83 
Gastaldo, R A, and Ferguson, D K, 1998, Reconstructing Tertiary plant communities: 
introductory remarks. Review ofpalaeobotany and palynology, 101,3 -6 
435 
Gastaldo, R A, and Huc, A-Y, 1992, Sediment facies, depositional environments and 
distribution of phytoclasts in the recent Mahakam River Delta, Kalimantan, Indonesia. 
Palaios, 7,574 - 590 
Gastaldo, R A, Bearce, S C, Degges, C W, Hunt, R J, Peebles, M W, and Violette, D 
L, 1989, Biostratinomy of a Holocene oxbow lake: a backswamp to mid-channel 
transect. Review of Palaeobotany and Palynology, 58,47 - 59 
Gee, H R, and Giller, P S, 1991, Contemporary community ecology and environmental 
archaeology. In, DR Harris and KD Thomas (eds. ), Modelling Ecological change. 
London. Institute of Archaeology. 1-14 
Gee, C T, Sander, P M, and Abraham, M, 1997, The occurrence of carpofloras in 
coarse sand fluvial deposits: comparison of fossil and recent case studies. Meded 
Nederlandische Institut Toegepaste Geowetischte, 58,171-178 
Geikie, J, 1865 - 1867, On the buried forests and peat mosses of Scotland and the 
changes which they indicate. Transactions of the Royal Society of Edinburgh, 24,363 
-384 
Gibbard, P L, 1995a, The formation of the Strait of Dover. In, RC Preece, Island 
Britain: a Quaternary perspective. Geological Society Special Publication No. 96,15 
- 26. 
Gifford, D P, 1981, Taphonomy and paleoecology: a critical review of archaeology's 
sister disciplines. Advances in Archaeological Method and Theory, 4,365 - 438 
Gifford, E M, and Foster, E S, 1989, Morphology a ld Evolution of vascular plants. 
New York. W. H. Freeman and Co 
Gilbertson, D D, 1984, Early Neolithic utilisation and management of alder Carr at 
Skipsea Withow Meare, Holderness. Yorkshire Archaeological Jourinal, 56,17 . 22 
436 
Glaser, P H, 1981, Transport of seeds and leaves on tundra: a late glacial analog. 
Arctic and Alpine research, 13,173 - 182 
Gobold, S, and Turner, R, 1994, Medieval fishtraps in the Severn Estuary. Medieval 
Archaeology, X)OXVIII, 19 - 54 
Godwin, H, 1955, Studies of the post-glacial history of British vegetation. XIII. The 
Meare Pool region of the Somerset Levels. Philisophical Transactions of the Roo d 
Society of London, B239,161 - 190 
Godwin, H, 1959, Studies in the post-glacial history of British vegetation. XIV. The 
late-glacial deposits at Moss lake, Liverpool. Philisophical Transactions of the Royal 
Society of London, B242,127 - 139 
Godwin, H, 1960, Prehistoric wooden trackways of the Somerset Levels: their 
construction, age and relation to climatic change. Proceedings of the Prehistoric 
Society, 60,1 - 36 
Gramsch, B, 1991, Freisack Mesolithic wetlands. In B Coles (ed), The wetland 
revolution inprehsitory. Exeter. Prehistoric Society/WARP. 65 - 72 
GreatRex, P A, 1983, Interpretation of macrofossil assemblages from surface sampling 
of macroscopic plant remains in mire communities. Journal of Ecology, 71,773 - 791 
Green, D S, 1980, The terminal velocity and dispersal of spinning samaras. American 
Animal of Botany, 67,1218 - 1224 
Green, M, 1992, Symbol and Image in Celtic Religious Art. London. Routledge 
Greensmith, J T, and Tucker, E V, 1971, The effets of late Pleistocene and Holocene 
sea level changes in the vicinity of the River Crouch, East Essex, Proceedings of the 
Geological Association, 82,301 - 322 
437 
Greig, JRA, 1988, Some evidence of the development of grassland plant 
communities. In M Jones (ed. ), Archaeology and the flora of the British Isles. Oxford 
Committee for Archaeology Monograph 14BSBI Conference Report 19,39 - 52 
Greig, JRA, 1992a, The Botanical remains. In, S Needham and D Longley, 
Excavation and salvage at Runnymede Bridge, Berkshire 1977,234 - 262. London. 
British Museum 
Greig, JRA, 1992b, The deforestation of London. Review of Palaeobotany auf 
Palynology, 73,71 - 86 
Grime, J P, Hodgson, J G, and Hunt, R, 1988, Comparative Plant Ecology. London. 
Allen and Unwin 
Grosse-Braukmann, G, 1976, Über pflanzliche Makrofossilien mitteleuropäischer 
Torfe 1: Gewegereste krautigfer Pflanzen und ihre Merkmale. Telma 2.19 - 55 
Guppy, H B, 1894, The River Thames as an agent in plant dispersal. Journal of the 
Linnaean Society (Botany), 29,333-346 
Haggart, B A, 1995, A re-examination of some data relating to Holocene sea-level 
changes in the Thames estuary. In DR Bridgland, P Allen and BA Haggart (eds. ), 
The Quaternary of the lower reaches of the Thames. Quaternary Research Association 
Field Guide. 85 - 98 
Hall, A R, 1980, Late Pleistocene deposits at Wing, Rutland. Philisophical 
Transactions of the Royal Society of London, B289,135 - 164 
Hall, A R, 1984, The vegetation history of the meres of Holderness: Flandrian 
macrofossils from Skipsea Withow mere. In DD Gilbertson (ed. ), Late quaternary 
environments and man in Holderness. Oxford. British Archaeological Reports. 164 - 
165 
438 
Hather, J G, 1993, An archaeobotanical guide to root and tuber identification. 
Oxford. Oxbow 
Hather, J G, 1998, Identification of macrofossil charcoal assemblages. In P Mellars 
and P Dark (eds. ), Star Carr in context: New archaeological and palaeoecological 
investigations at the Early Mesolithic site of Starr Carr, North Yorkshire (= 
McDonald Institute for Archaeological Research Monograph 1998). Cambridge. 
McDonald Institute for Archaeological Research. 183 - 196 
Hauke, A, 1963, A taxonomic monograph of the genus Equisetum sub-genus 
Hippochatae. Nova Hedwigia, 8,23 - 31 
Havinga, A J, and Van den Berg van Saparoea, R M, 1992, Pollen and macrofossil 
analysis of a unique peat remnant of the former extensive peat bogs in West Freisland, 
The Netherlands: a detailed record record of coastal raised bog formation. Vegetation 
History andArchaeobotany, 1,185 - 188 
Heer, 0,1862, On the fossil flora of Bovey Tracey. Philisophical Transactions of the 
Royal Society of London, 152,1039 - 1086 
Herrera, C M, 1984, A study of Avian frugivores, bird-dispersed plants, and their 
interaction in Mediterranean scrublands. Ecological Monographs, 54,1 - 23 
Heyworth, A, and Kidson, C, 1982, Sea-level changes in southwest England and in 
Wales. Proceedings of the Geologists Association, 93,91 - 112 
Hickey, L, 1979, A revised classification of the architecture of Dicotyledonous leaves. 
In Metcalfe, C R, and Chalk, L Anatomy of the Dicotyledons (2"" edition). Volume I 
Systemmatic Anatomy of leaf and stem with a brief history of the subject. Oxford. 
Clarendon Press, 25 - 39 
Hickey, L. J. and Wolfe, J. A. 1975. The bases of Angiosperm vegetative morphology. 
Annals of the Missouri Botanical Garden, 62,538 - 589. 
439 
Hill, T G, 1900, The structure and development of Triglochin maritimum L. Annals of 
Botany, 14,83 - 107 
Hillman, G C, 1981, Macroscopic remains of an estuarine flora. In, S McGrail, 1981, 
The Brigg Raft and her prehistoric environment. Oxford. British Archaeological 
Reports. British Series, 89,147 - 152 
Holyoak, D T, 1984, Taphonomy of prospective plant macrofossils in a river 
catchment on Spitsbergen. New Phytologist, 98,405 - 423 
Horn of Rantzien, H, 1959, Recent Charophyte fructifications and their relations to 
fossil gyronites. Archive für Botanik, 4,165 - 332 
Housley, R, 1995, The Environment. In, J, Coles and S, Minnitt, hidustrious and 
fairly civilized: the Glastonbury Lake Village, 121 - 136 
Howe, H F, and Smallwood, J, 1982, Ecology of seed disposal. Annual Review of 
Ecology and Sytematics, 13,201 - 228 
Hubbard, C E, 1984, Grasses (third edition). London. Penguin 
Hubbard, RNLB, and Clapham, A, 1992, Quantifying macroscopic plant remains. 
Review of palaeobotany and palynology, 73,117 - 132 
Huber, W, and Ferguson, D K, 1998, On the abrasion of dispores during fluvial 
transport: an experimental approach. Review of palacobotany and palynology, 102, 
305-311 
Huddart, D, Gonzalez, S, and Roberts, G, 1999, The archaeological record and mid- 
Holocene marginal coastal palaeoenvironments around Liverpool Bay. Quaterººary 
Proceedngs, 7,563- 574 
440 
Hughes, PDM, Kenward, H K, -Hall, AR and Large, F D, 2000, A high-resolution 
record of mire development and climatic change spanning the Lateglacial-f lolocene 
boundary at Church Moss, Davenham (Cheshire, England). Journal of Quaternary 
Science, 15,697 - 724 
Huntley, B, 1988 Europe. In B Huntley and T Webb III (eds. ), Vegetation Nlstory. 
Rotterdam. Kluwer Academic. 341 - 383 
Hutchinson, G, and Thomas, B, A, 1996, Welsh Ferns. Cardiff. National Museums 
and Galleries of Wales 
Jacobi, R, 1982, Later Mesolithic hunters in Kent: Tasmania in the Early Neolithic. In 
P Leach (ed. ) Archaeology in Kent to AD 1500. CBA research report 58. London. 
CBA 
Jannsen, C R, Cup-Uiterwijk, MJJ, Edelman, H J, Mekel-Te Riele, J, and Pals, J P, 
1975. Ecologic and paleoecologic studies in the Feigne D'Artimont (Vosges, France). 
Vegetatio, 30,165 - 178 
Janssens, J A, 1983, A quantitative method for stratigraphic analysis of Bryophytes in 
peat. Journal of Ecology, 71,189 - 196 
Janzen, D H, 1982, Differential seed survival and passage rates in cows, horses, 
surrogate Pleistocene dispersal agents. Oikos, 38,150 - 156 
Jermy, C, and Camus, J, 1991, The illustrated field guide to ferns and allied plants of 
the British Isles. London. Natural History Museum Publications 
Jessen, K, 1949, Late Quaternary deposits and flora-history of Ireland. Proceedings of 
the Royal Irish Academy, B52,85 - 290 
Jessen, K, Andersen, S Th, and Farrington, A, 1959, The interglacial deposit near 
Gort, Co. Galway, Ireland. Proceedings of the Royal Irish Academy, 1360,1 - 77 
441 
Johansen, D A, 1940, Plant Microtechnique. London. Mcgraw-Hill 
Johnson, M A, 1933, Origin and development of tissues in Equisetum scirpioldes. 
Botanical Gazette, 94,469 - 494 
Jones, GEM, 1991, Numerical analysis in archaeobotany. In, W Van Zeist, K 
Wasylikowa and KE Behre (eds. ), Progress in Old World Palaeoethnlobotany, 63 - 
80. Rotterdam. Balkema 
Jones, H, 1955, Notes on the identification of some British species of Callitriche. 
Watsonia, 3,186 - 197 
Katz, N J, Katz, S V, and Kipiani, M G, 1969, Atlas of seeds a" frtiils occuring in 
the Quaternary deposits of the USSR Nauka 
Katz N J, Katz, S V, and Kipiani, M G, 1974, Plant remains found in peat in the 
USSR. Nauka 
Kaufmann, P B, Bigelow, W. C., Schmid, R. and Ghosheh, N. S. 1971. Electron 
microprobe analysis of silica in epidermal cells of Equisetum. American Journal of 
Botany, 58,309 - 316. 
Kelly, M R, and Osbourne, P J, 1964, Two faunas and floras from the alluvium at 
Shustoke, Warwickshire. Proceedings of the Linnean Society of London, 176: 37 - 65 
Kenward, H K, Hall, A R, and Jones, AKG, 1980, A tested set of techniques for the 
extraction of plant and animal macrofossils from waterlogged archaeological deposits. 
Science and Archaeology, 22,3 - 15 
Kidson, C, and Heyworth, A, 1973, The Flandrian sea-level rise in the Bristol Channel. 
Proceedings of the Ussher Society, 2,565 - 584 
442 
Kidson, C, 1982, Sea level changes in the Holocene. Qualernary Scle, rce Reviews, 1, 
121-151 
Kidwell, S M, 1986, Models for fossil concentrations: paleobiologic implications. 
Paleobiology, 12,6 - 24 
Kidwell, S M, and Flessa, K W, 1995, The quality of the fossil record: populations, 
species and communities. Annual Review of Ecology and Systemmatics, 26,269 - 299. 
Knighton, D. 1984 Fluvial forms and processes London. Edward Arnold 
Korber-Grohne, U, 1964, Best immungsschliissel für subfossile Juncus-Samen utul 
Gramineen Fruchte. Hildesheim. August Lax 
Körber-Grohne, U, 1992, Studies in saltmarsh vegetation and their relevance to the 
reconstruction of prehistoric plant communities. Review of Palaeobotany and 
Palynology, 73,167 - 180 
Kürschner, W F, 1997, The anatomical diversity of recent and fossil leaves of the 
Durmast Oak (Quercus petraea Leiblein/Q. pseudocastanea Goeppert) - implications 
for their use as biosensors of palaeoatmospheric CO2 levels. Revic of Palaeobotany 
and Palynology, 96,1 - 30 
Lambrick, G H, and Robinson, M A, 1984, Holocene alluviation and hydrology in the 
Upper Thames Basin. Nature, 308,809 - 814 
Lambrick, G, and Robinson, M, 1988, The development of floddplain grassland in the 
Upper Thames Valley. In M Jones (ed. ), Archaeology aºul the flora (! f the British 
Isles. Oxford Committee for Archaeology Monograph 14/BSBI Conference Report 
19,55-75 
Lawrence, D R, 1968, Taphonomy and information losses in fossil communities. 
Geological Society of America Bulletin, 79,1315 - 1330 
443 
Leopold, L, and Wolman, M G, 1970, Floodplains. In GH Drury (ed. ) Rivers and 
river-terraces, 166 - 196. London. MacMillan 
Leopold, L, Wolman, M G, and Miller, J P, 1964, Fluvial processes in 
geomorphology. London. W. H. Freeman and Co. 
Lewin, J, (ed. ) 1981, British Rivers. London George Allen and Unwin 
Lewis, F J, 1905, The plant remains in the Scottish peat mosses. Part I: The Scottish 
Southern Uplands. Transactions of the Royal Society of Edinburgh, 41,699 - 723 
Long, A. 1995. Sea-level and crustal movements in the Thames estuary, Essex and 
East Kent. In D. R. Bridgland, P. Allen and B. A. Haggart The Quaternary of the 
lower reaches of the Thames. Quaternary Research Association Field Guide 85 - 98. 
Loquin, M V, and Langeron, M, 1978, Handbook of microscopy. London. 
Butterworth 
Lowe, J J, Branch, N P, and Ellis, 1,1998. The Dover Braue Age Boat Technical 
Report - Pollen Stratigraphy. Unpublished technical report. 
Lubbock, J, 1908, Buds and Stipules. London, Kegan Paul, Trench, Trubner and Co. 
Ltd. 
Macklin, M G, 1999, Holocene river environments in prehistoric Britain: Human 
interaction and impact. Quaternary Proceedings, 7,521 - 530 
Major, J, and Pyott, W, T, 1966, Buried, viable seeds in two California bunchgrass 
sites and their bearing on the definition of a flora, Vegetalio, 13,253 - 282 
Mannion, A M, 1986, Plant macrofossils and their significance in Quaternary 
Palaeoecology. Part I: Introduction. Progress in Physical Geography, 10,194 - 214 
444 
McGrail, S, 1981, The Brigg Raft and her prehistoric environment. Oxford. British 
Archaeological Reports. British Series, 89 
McVean, D N, 1953, Biological flora of the British Isles: Abws Mill. Journal of 
Ecology, 41,447 - 466 
Meddens F, 1993, A trackway at Beckton, East London. Newswarp, 13,34 
Meddens, F, 1996, Sites from the Thames Estuary wetland, England, and their Bronze 
Age use. Antiquity, 70,325 - 334 
Meddens, F, and Beasley, M, 1990, Wetland Use in Rainham, Essex. London 
Archaeologist, 5,242 - 248 
Meikle, R D, 1984, Willows and Poplars of Great Britain and Ireland 13SBI 
Handbook No. 5. London. BSBI 
Mellars, P, and Dark, P, (eds), 1998, Star Carr in context: New archaeological and 
palaeoecological investigations at the Early Mesolithic site of Starr Carr, North 
Yorkshire (= McDonald Institute for Archaeological Research Monograph 1998). 
Cambridge. McDonald Institute for Archaeological Research 
Metcalfe, C R, 1960, Anatomy of the Monocotyledons I: The Gramineae. Oxford. 
Clarendon Press 
Metcalfe, C R, 1971 Anatomy of the Monocotyledons V. " The Cperaceae. Oxford. 
Clarendon Press 
Metcalfe, C R, and Chalk, L, 1950, Anatomy of the Dlcolyleclaºu (2 Volumes). 
Oxford. Clarendon Press 
445 
Metcalfe, C R, and Chalk, L, 1979, Anatomy of the Dicotyledons (2`1 edition). 
Volume I Systemmatic Anatomy of leaf and stem with a brief history of the subject. 
Oxford. Clarendon Press 
Milne, G, Bates, M and Weber, M, 1997, Problems, potential and partial solutions: An 
archaeological study of the tidal Thames, England. World Archaeology, 29,130 - 146 
Milton, WEJ, 1939, The occurrence of buried viable seeds in soils at different 
elevations and in a salt marsh. Journal of Ecology, 27,149 - 159 
Mitchell, R S, 1971, Comparative leaf structure of aquatic Polygonum species. 
American Journal of Botany, 58,342 - 360 
Moffett, L, Robinson, M, and Straker, V, 1989, Cereals, fruits and nuts: charred plant 
remains from Neolithic sites in England and Wales and the Neolithic Economy. In A 
Milles, D Williams and D Gardiner (eds. ), The Beginnings of Agriculture. Oxford. 
British Archaeological Reports s496.243 - 261 
Moore, J A, 1986, Charophytes of Breat Britain and Ireland. BSBI Handbook 5. 
London. BSBI 
Murphy, P L, and Wiltshire, PEJ, 1994, A proposed scheme for evaluating plant 
macrofossil preservation in some archaeological deposits. Circaea, 11,1 -6 
Needham, S, 1987, The Bronze Age in Surrey. In J Bird and DG Bird (eds. ) hic 
archaeology of Surrey to AD 1500,97 - 161. Dorking. Surrey Archaeological Society 
Needham, S, 1991, Excavation and salvage at Rauurymeck' Bridge 1978. London. 
British Museum 
Needham, S, and Macklin, M G, 1992 (eds. ) Alluvial archacololry in Britain. Oxford. 
Oxbow 
446 
Nesbitt, M, and Greig, JRA, 1989, A Bibliography for archaeobotanical identification 
of seeds and fruits from Europe and the Near East. Circaea, 7(1), 11 - 30 
Newnham, R M, de Lange, P J, and Lowe, D J, 1995, Holocene vegetation, climate 
and history of a raised bog complex, northern New Zealand based on palynology, plant 
macrofossils and tephrachronology. The Holocene, 5,267 - 282 
Nykvist, N, 1959a, Leaching and decomposition of leaf litter I. Experiments on leaf 
litter ofFraxinus excelsior. Oikos, 10,190 - 211 
Nykvist, N, 1959b, Leaching and decomposition of leaf litter H. Experiments on 
needlee leaf litter of Pinus sylvestris. Oikos, 10,212 - 224 
Nykvist, N, 1961, Leaching and decomposition of leaf litter III. Experiments on leaf 
litter of Betula verucosa. Oikos, 12,249 -263 
Nykvist, N, 1962, Leaching and decomposition of leaf litter V. Experiments on leaf 
litter of Abnrs glutinosa, Fagus sylvatica and Quercus robur. Oikos, 13 (2), 232 - 248 
Ogden, J, Newnham, R M, Palmer, J G, Serra, R G, and Mitchell, N D, 1993, Climatic 
implications of macro- and microfossil assemblages from Late Pleistocene deposits in 
northern New Zealand. Quaternary Research, 39,107 - 119 
Pant, D D, and Kidwai, P F, 1968, Development of stomata in Equisetian. Annals of 
Botany, 32,601 - 608 
Parker-Pearson, M, 1993, Bronze Age Britain. London. Batsford 
Petersen, R C, and Cummins, K W, 1974, Leaf processing in a woodland stream, 
Freshwater Biology, 4,343 - 368 
Pethick, J, 1984, An introduction to coastal geomorphology. London. Edward Arnold 
447 
Pine, C A, Williamson, V D, Bates, M R, and Barham, A J, 1994, Assessment report 
on geoarchaeological and environmental archaeological aspects of the Medway 
Tunnel engineering scheme archaeological evaluation. Geoarchaeological Service 
Facility, University College London technical report. 
Pole, M, 1991, A modified terminology for angiosperm leaf architecture. Journal of 
the Royal Society of New Zealand, 21,297 - 312 
Praeger, R L, 1913, On the buoyancy of the seeds of some Britannic plants. Scientific 
proceedings of the Royal Dublin Society, 14,13 - 62 
Pryor, F, 1988, Earlier Neolithic Organised Landscapes and Ceremonial in Lowland 
Britain. In JC Barrett and IA Kinnes (eds), The Archaeology of Context in the 
Neolithic and Bronze Age: Recent Trends. University of Sheffield. Deprtment of 
Archaeology and Prehistory. 63 - 72 
Pryor, F, 1998, Elton: Excavations at a Neolithic causewayed enclosure near Maxey, 
Cambridgeshire 1982-1987. London. English Heritage 
Rackham, J, 1994, Prehistory `in' the Lower Thames floodplain. London 
Archaeologist, 7,191 - 196 
Ratcliffe, D, (ed), 1977, A irature conservation review (2 volumes), Cambridge, 
Cambridge University Press 
Reading, H, 1978, Sedimentary environments and facies. Oxford. Blackwell 
Regnell, M, Galliard, M-J, Bartholin, T S, and Karsten, P, 1995, Reconstruction of 
environment and history of plant use during the late Mesolithic (Ertebolle culture) at 
the inland settlement of Bökeberg III, southern Sweden. Vegelarlon History and 
Archaeobotatýy, 4,67 - 91 
Reid, C, 1913, Submerged forests. Cambridge. Cambridge University Press 
448 
Reid, C, and Reid, E M, 1908, On the periglacial flora of Britain. Jounial of the 
Linnean Society, 3 8,206 - 277 
Reid, E M, 1949, The late-glacial flora of the Lea Valley. New Phytologist, 48,245 - 
252 
Reineck, H-E, and Singh, I B, 1980, Depositional sedimentary environments. New 
York. Springer-Verlag 
Rich, F J, 1989, A review of the taphonomy of plant remains in lacustrine sediments. 
Review of Palaeobotany and Palynology, 58,33-46 
Richards, K, 1982, Rivers. London. Methuen 
Ridley, H N, 1930, The dispersal of plants throughout the world Ashford. L. Reeve 
and Co. ltd 
Rodwell, J S, (ed. ), 1991 a, British Plant Communities. Volume 1: Woodlands and 
Scrub. Cambridge. Cambridge University Press 
Rodwell, J S, (ed. ), 1991 b, British Plant Communities. Volume 2: Mires and Heaths. 
Cambridge. Cambridge University Press 
Rodwell, J S, (ed. ), 1992, British Plant Communities. Volume 3: Grasslands auf 
Montane communities. Cambridge. Cambridge University Press 
Rodwell, J S, (ed. ), 1995, British Plant Communities. Volume 4: Aquatic 
communities, Swamps and Tall Herb Fens. Cambridge. Cambridge University Press 
Salisbury, E, 1975, The survival value of modes of dispersal. Proceedings of the Royal 
Society of Landon, B 188,183 - 188 
449 
Salisbury, E, 1976a, A note on shade tolerance and vegetative propagation of 
woodland species. Proceedings of the Royal Society of London, B192,257-258 
Salisbury, E, 1976b, Seed output and the efficiency of dispersal by wind. Proceedings 
of the Royal Society of London, B 192,323 - 329 
Scaife, R G, 1987, A review of the Quaternary plant microfossil and macrofossil 
research in southern England; with special reference to environmental archaeological 
evidence. In HCM Keeley (ed. ), Environmental archaeology: a regional review 
Volume IT HBMC occasional paper 1,125 - 179 
Scaife, R G, and Burrin, P J, 1987, Further evidence of the environmental impact of 
prehistoric cultivation in Sussex from alluvial fill deposits in the East Rother valley. 
Sussex Archaeological Collections, 125,1 - 10 
Scaife, R G, and Burrin, P J, 1992, Archaeological inferences from alluvial sediments: 
some findings from Southern England. In S Needham and MG Macklin (eds. ), 
Alluvial Archaeology in Britain, 75 - 91. Oxford. Oxbow 
Scheihing M H, and Pfefferkorn, H W, 1984, The taphonomy of land plants in the 
Orinoco Delta: a model for the incorporation of plant parts in clastic sediments of Late 
Carboniferous age of Euramerica. Review of Palaeobotany and Palynology, 41,205 - 
240 
Scherrmann, S S, 1967, Magismeret 11. Budapest. Academic Press 
Schweingruber, F H, 1982, Microscopic Wood Anatomy. Berne and Stuttgart. Paul 
Haupt 
Schweingruber, F H, 1990, Anatomy of European Woods. Berne and Stuttgart. Paul 
Haupt 
450 
Sen, V, and Hennipman, E, 1981, Structure and ontogeny of stomata in 
Polypodiaceae. Blumea, 27,175 - 201 
Sharma, B D, and Singh, R, 1984, The ligule in Isoetes. American Fern Journal, 74, 
22-28 
Sheail, J, and Wells, TCE, 1983, The fenlands of Huntingdonshire, England: a case 
study in catastrophic change. In AJP Gore (ed. ), Ecosystems of the World Volume 
4A: Swamps, bog, fen and moor, 375 - 393. Amsterdam. Elsevier Scientific 
Publications 
Sheldon, J C, and Burrows, F M, 1973, The dispersal effectiveness of the achen- 
pappus units of selected Compositae in steady winds with convection. New 
Phytologist, 72,665 - 675 
Sherman, I, 1987, Holocene sea-level changes in the North Sea. In, M. J. Tooley and I. 
Sherman (eds. ) Sea-level changes. Oxford. Blackwell 
Shennan, I, 1987, Global analysis and correlation of sea-level data. In RJN Devoy 
(ed) Sea surface studies. London. Croom Helm 
Shennan, I, 1989, Holocene crustal movements and sea-level changes in Great Britain. 
Journal of Quaternary Science, 4,77 - 89 
Shennan, S, 1988, Quantifying Archaeology. Edinburgh. Edinburgh University Press 
Skempton, A W, 1995, West Tilbury Marsh. In DR Bridgland, P Allen and II A 
Haggart The Quaternary of the lower reaches of the Thanes. Quaternary Research 
Association Field Guide. 85 - 98 
Smith, AJE, 1978, The moss flora of Britain and Ireland. Cambridge. Cambridge 
University Press 
451 
Smith, AJE, 1990, The liverworts of Britain and Ireland. Cambridge. Cambridge 
University Press 
Spicer, R A, 1989, The formation and interpretation of fossil plant assemblages. 
Advances in Botanical Research, 16,95 - 191 
Spicer, R A, and Greek, A G, 1986, Plant taphonomy in fluvial and lacustrine systems. 
University of Tennessee Department of Geological Sciences, Studies in Geology, 15: 
10-26 
Stace, C, 1991, New Flora of the British Isles. Cambridge. Cambridge University 
Press 
Swinnerton, H H, 1931, The post-glacial deposits of the East Lincolnshire coast. 
Quarterly Journal of the Geological Society, 87,360 - 375 
Ter Braak, C. J. F., 1999, Canoco for Windows. New York. Microcomputer Power 
Theobald, K, Kravchuck and Rollins, 1979, Trichome classification. In Metcalfe, C R, 
and Chalk, L Anatomy of the Dicotyledons (2nd edition). Volume I Systemmatic 
Anatomy of leaf and stem with a brief history of the subject. Oxford. Clarendon Press, 
39-63 
Thomas, C, and Rackham, J, (eds. ), 1996, Bramcote Green, Bermondsey: a Bronze 
Age trackway and palaeo-environmental sequence. Proceedings of the Prehistoric 
Society, 62,221 - 254 
Thompson, K, 1992, The functional ecology of seed banks. In, M. Fenner (cd. ), Seeds: 
the ecology of regeneration in plant communities, 231 - 258. CAB International 
Thompson, K, and Grime, J P, 1979, Seasonal variation in the seed banks of 
herbaceous species in 10 contrasting habitats. Journal of Ecology, 67,893 - 921 
452 
Tomlinson, P, 1984, Tested, rapid- techniques for clearing botanical specimens for the 
study of waterlogged archaeological plant remains. Circaea, 2,97 - 101 
Tomlinson P, 1985, An aid to the identification of fossil buds, bud-scales and catkin 
bracts of British trees and shrubs. Circaea, 3,45 - 130 
Travis, C B, 1927, The peat and forest bed of the south-west Lancashire coast. 
Proceedings of the Liverpool Geological Society, 14,263 - 277 
Tucker, M, 1982, The field description of sedimentary rocks. Geological Society of 
London Handbook 
Tyers, I, 1988, The prehistoric peat layers (Tilbury IV). In: P. Hinton (ed. ), 
Excavations in Southwark 1973 - 1976, Lambeth 1973 - 1979,5 - 12. LAMAS/SAS 
Joint Publication 3 
Van Cotthem, WRJ, 1970, A classification of stomatal types. Botanical Journal of 
the Linnean Society, 63,235 - 246 
Van Cotthem, WRJ, 1970, Comparative morphological study of the stomata in the 
Filicopsida. Bulletin of the National Botanical Garden of Belgium, 40,81 - 239 
Van Cotthem, WRJ, 1973, Stomatal types and systematics. In, AC Jermy, JA 
Crable and BA Thomas (eds. ), The phylogeny and classification of ferns. London: 
Linnean Society 
Van der Noort, R, and Davies, P, 1993, Wetland Heritage. An archaeological 
assessment of the Humber Wetlands. Hull. Humber Wetlands Project 
Van der Valk, A G, and Davis, C B, 1976, The seed banks of prarie glacial marshes. 
Canadian Journal of Botany, 54,1832 - 183 8 
453 
Van der Veen, M, 1992, Crap husbandry regimes. An archaeobotanical study of 
farming in Northern England: 1000BC - S00AD. Sheffield. JR Collis 
Publications/Sheffield Archaeological Monograph 3 
Van der Veen, M, and Fieller, N, 1982, Sampling seeds. Journal of Archaeological 
Science, 9,287 - 298 
Van Geel, B, Bohncke, SJP, and Dee, H, 1980, A palaeoecological study of an 
Upper Late Glacial and Holocene sequence from `De Borchert', the Netherlands. 
Review of Palaeobotany and Palynology, 31,367 - 448 
Walker, D, 1970, Direction and rate in some British post-glacial hydroseres. In D 
Walker and RG West (eds), Studies in the vegetation history of the British Isles. 
Cambridge. Cambridge University Press. 
Walker, D, and Walker, P M, 1961, Stratigraphic evidence of regeneration in some 
Irish bogs. Journal of Ecology, 49,169 - 185 
Waller, M, 1994, The Fenland Project, number 9: Flandrian environmental change in 
Fenland. East Anglian Archaeologist, 70. 
Waller, M P, and Hamilton, S, 2000, Vegetation history of the English Chalklands: A 
mid-Holocene pollen sequence from the Caburn, East Sussex. Journal of Quaternary 
Science, 15,253 - 272 
Waller, M P, Long, A J, Long D, and Innes, J B, 1999, Patterns and processes in the 
development of coastal mire vegetation: Multi-site investigations from Walland Marsh, 
southeast England. Quaternary Science Reviews, 18,1419 - 1444 
Ward, R C, 1981, River systems and river regimes. In J Lewin (ed. ), British Rivers, I- 
33. London. George Allen and Unwin 
454 
Wasylikowa, K, 1986, Analysis of fruits and seeds. In BE Berglund (ed. ), Handbook 
of Holocene Palaeoecology and Palaeohydrology, 571 - 590. Chichester. J. Wiley and 
Sons 
Watson, E V, 1955, British Mosses and Liverworts. Cambridge. Cambridge University 
Press. 
Watts, W. A. 1978. Plant macrofossils in Quaternary palaeoecology. In: D. Walker 
and J. C. Guppy, Biology and Quaternary Environments, 53 - 67. Australian Academy 
of Sciences. 
Watts, W A, and Winter, T C, 1966, Plant macrofossils from Kirchner Marsh, 
Minnesota -a paleoecological study. Geological Society of America 
Bulletin, 77, 
1339 -1360 
Wilkinson, T J, and Murphy, P, 1988, Wetland development and human activity in 
essex estuaries during the Holocene transgession. In P Murphy and C French (eds. ), 
The exploitation of wetlands. Oxford. British Archaeological Reports, British Series 
186,213-238 
Wilkinson, T J, and Murphy, P L, 1995, The Archaeology of the Essex coast, Volume 
1: the Hullbridge survey. East Anglian Archaeologist, 71. Chelmsford. Essex County 
Council 
Willson, F, 1992, The ecology of seed dispersal. In, M. Fenner (ed. ), Seeds: the 
ecology of regeneration in plant communities. CAB International. 61 - 85 
Wilson, MVH, 1988, Taphonomic processes: information loss and information gain. 
Geoscience Canada, 15,131 - 148 
Witkamp, M, 1966, Decomposition of leaf litter in relation to environment, microflora 
and microbial respiration. Ecology, 47,194 - 201 
455 
Witkamp, M, and Olson, J S, 1963, Breakdown of confined and nonconfined oak 
litter. Oikos, 14,138 - 147 
Wnuk, C, and Pfefferkorn, H W, 1987, A Pennsylvanian-age terrestrial storm deposit: 
using plant fossils to characterize the history and process of sediment accumulation. 
Journal of Sediment Petrology, 57,212 - 221 
Yule, B, 1988, Natural topography of north Southwark. In P Hinton (ed. ), 
Excavations in Southwark 1973 - 1976, Lambeth 1973 - 1979,5 - 12. LAMAS/SAS 
Joint Publication 3 
Zvelebil, M, 1994, Plant use in the Mesolithic and its role in the transition to farming. 
Proceedings of the Prehistoric Society, 60,35 - 74 
